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Description

[0001] The present invention relates to piezoelectric
resonators, and more specifically, the present invention
relates to piezoelectric resonators, filters and electronic
apparatuses utilizing the elastic vibration of piezoelectric
layers.

[0002] Resonant frequencies of piezoelectric thin film
resonators that are adapted to utilize the thickness mode
vibration of piezoelectric substrates, have an inverse pro-
portional relationship relative to the thickness of the pie-
zoelectric substrates, in very high frequencies. There-
fore, piezoelectric substrates included in such piezoelec-
tric resonators must be extremely thin. However, there
is a limit to how thin the piezoelectric substrates can be.
In most piezoelectric resonators of this type, there is a
limit of several 100 MHz of high frequencies in practice
due to restrictions in the mechanical strength, treatment
steps, manufacturing processes and other factors relat-
ing to the piezoelectric substrates.

[0003] To solve these problems, piezoelectric thin film
resonators have been proposed asfilters and resonators,
etc. The piezoelectric thin film resonator 1 shown in Fig.
1, is manufactured by partially etching a Si substrate 2
using a fine processing method to form a thin film support
portion 3, having a thickness of several um or less, on a
portion of the Si substrate 2, and by providing a ZnO
piezoelectric thin film 4, having a pair of excitation elec-
trodes 5a and 5b on both sides, on the support portion 3.
[0004] The aforementioned piezoelectric thin film res-
onator 1 has a possibility to extend its high frequency
characteristics to as high as several 100 MHz to several
1000 MHz, because the thin film support portion 3 can
be made thin, using the fine processing technique, and
the piezoelectric thin film 4 can also be made thin by
sputtering.

[0005] However, atemperature coefficient of resonant
frequency (TCF) of ZnO is about -70 ppm/°C, and a tem-
perature coefficient of resonant frequency of Si is about
-30 ppm/°C. Both ZnO and Si have negative temperature
coefficients of resonant frequency, and, therefore, a com-
bination of the piezoelectric thin film 4, made of ZnO, and
the thin film support portion 3, made of Si, has the dis-
advantage that temperature characteristics of resonant
frequency in the dominant mode become inferior.
[0006] In a piezoelectric thin film resonator 6, shown
in Fig. 2, a SiO, thin film 7 is formed on the surface of an
Si substrate 2 by thermal oxidation. A thin film support
portion 3 is formed from the SiO, thin film 7 by partially
etching the Si substrate 2, and a ZnO piezoelectric thin
film 4, having a pair of excitation electrodes 5a and 5b
on both sides, is formed on the support portion 3.
[0007] Atemperature coefficient ofresonantfrequency
of ZnOisabout-70 ppm/°C, and atemperature coefficient
of resonant frequency of SiO, is about +100 ppm/°C.
ZnO and SiO, have temperature coefficients of resonant
frequency having opposite signs from each other. By ad-
justing a ratio of a film thickness of the piezoelectric thin
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film 4, made of ZnO, to a film thickness of the thin film
support portion 3, made of SiO,, at a ratio of about 2:1,
it is possible to make the temperature coefficient of res-
onant frequency, in the dominant mode, small, and to
make the temperature characteristics of resonant fre-
quency stable. This is described in Japanese Unexam-
ined Patent Application Publication N0.58-121817. Fur-
ther, from US 4,456,850 a resonator is known, where a
SiO, layer is inserted between two piezoelectric thin films
preferably made of ZnO.

[0008] Fig. 3 is a sectional view illustrating a piezoe-
lectric thin film resonator 9 having another structure. This
is the piezoelectric thin film resonator 9, having a floating
construction or air bridge construction, manufactured by
forming a thin film support portion 12, made of SiO,, on
a Si substrate 10 via an air gap 11, and providing a ZnO
piezoelectric thin film 13, having excitation electrodes
14a and 14b on both sides, on the support portion 12 that
is arranged to be free from the Si substrate 10.

[0009] In the piezoelectric thin film resonator 9, simi-
larly to the piezoelectric thin film resonator 6 shown in
Fig. 2, by adjusting a ratio of a film thickness of the ZnO
piezoelectric thin film to a film thickness of the SiO, thin
film support portion 12 at a proper value, it is possible to
make the temperature coefficient of resonant frequency
small and to make the temperature characteristics of res-
onant frequency stable.

[0010] Inthe aforementioned second piezoelectric thin
film resonator 6, by a combination of the ZnO piezoelec-
tric thin film 4 and the SiO, thin film support portion 3,
temperature coefficients of resonant frequency can offset
each other. In the aforementioned third piezoelectric thin
film resonator 9, by a combination of the ZnO piezoelec-
tric thin film 13 and the SiO, thin film support portion 12,
temperature coefficients of resonantfrequency can offset
each other.

[0011] However, ZnO is a piezoelectric, whereas SiO,
is not necessarily a piezoelectric. Therefore, in these pi-
ezoelectric thin film resonators, resonant responses
have been very small and resonant characteristics have
been inferior.

SUMMARY OF THE INVENTION

[0012] In order to overcome and solve the above-de-
scribed problems, preferred embodiments of the present
invention provide piezoelectric resonators having a very
stable temperature coefficient of resonant frequency, a
very large resonant response, and excellent resonant
characteristics.

[0013] The invention is defined in claim 1.

[0014] According to one preferred embodiment of the
present invention, a piezoelectric resonator includes a
laminated member, at least one pair of electrodes and a
substrate. The laminated member includes a piezoelec-
triclaminate body, the piezoelectric laminate body includ-
ing at least one first piezoelectric layer which has a pos-
itive temperature coefficient of a resonant frequency and
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at least one second piezoelectric layer which has a neg-
ative temperature coefficient of a resonant frequency.
The pair of electrodes interpose at least one of the first
and second piezoelectric layers. The substrate supports
the laminated member and holds a support portion of the
laminated member such that the support portion vibrates
in response to application of a voltage across the pair of
electrodes.

[0015] Accordingtothe structure, by properly adjusting
the thickness of each piezoelectric layer, the temperature
coefficient of resonant frequency of the entire laminate
member becomes nearly zero. Furthermore, because all
layers except for electrodes are made of piezoelectric
materials, the resonant response of the piezoelectric res-
onator is excellent, and the resonant characteristics are
also excellent. Therefore, piezoelectric resonators, hav-
ing very stable temperature characteristics, very large
resonant responses, and excellent resonant character-
istics, are provided.

[0016] The laminated structure may also include an
insulating layer located between the substrate and the
piezoelectric laminate.

[0017] According to such a structure, the insulator lay-
er is disposed on the substrate, and because, generally,
insulator layers are difficult to be etched with etching lig-
uids used for substrates and layers intended to be etched,
the processing in the manufacturing procedures is much
easier.

[0018] Furthermore, because the insulating layer, and
two or more kinds of piezoelectric layers are laminated
onthe substrate, material parameters of the vibration por-
tion become three or more, and it becomes possible to
easily and accurately adjust electromechanical coeffi-
cients and piezoelectric characteristics.

[0019] Therefore, itis possible to stabilize temperature
coefficients of resonant frequency, to greatly increase
resonant responses, to achieve excellent resonant char-
acteristics, to greatly simplify the etching process for
floating the insulation layer above the substrate, and to
greatly increase the design flexibility for other character-
istics.

[0020] The pair of electrodes may interpose the atleast
one first piezoelectric layer and the at least one second
piezoelectric layer.

[0021] According to this unique structure, by applying
an electric signal for excitation to the electrodes, all pie-
zoelectric layers can be excited. Therefore, resonant re-
sponses of piezoelectric resonators are greatly in-
creased and made very large, and the resultant piezoe-
lectric resonators having very strong and desirable res-
onant characteristics.

[0022] The first piezoelectric layer is preferably made
of, as a primary component, one of AIN and PbZr,-
Ti(1.5O3 (0.54<x<1), and the second piezoelectric layer
is preferably made of, as a primary component, one pi-
ezoelectric material selected from the group consisting
of ZnO, LiNbOg, LiTaO3, and PbZr,Ti(;_, O3 (0<x<0.52).
[0023] The piezoelectric laminate may include addi-
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tional first or second piezoelectric layers. In such a case,
the additional first or second piezoelectric layers and the
at least one first or second piezoelectric layer have sub-
stantially the same thickness and interpose the at least
second or first piezoelectric layer.

[0024] According to the unique structure of this pre-
ferred embodiment, the piezoelectric laminate member
preferably includes three piezoelectric layers and is sym-
metric with respect to the center layer. As a result, even
if stress is applied in each piezoelectric layer due to tem-
perature change, the stresses are balanced, thereby re-
alizing a piezoelectric resonator that has a very high me-
chanical strength and does not experience warpage.
[0025] For the purpose of illustrating the invention,
there is shown in the drawings several forms which are
presently preferred, it being understood, however, that
the invention is not limited to the precise arrangements
and instrumentalities shown.

[0026] Other features, elements, characteristics and
advantages of the present invention will become more
apparent from the following detailed description of pre-
ferred embodiments thereof, with reference to the at-
tached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027]

Fig. 1 is a sectional view illustrating a structure of a
conventional piezoelectric thin film resonator.

Fig. 2 is a sectional view illustrating a structure of
another conventional piezoelectric thin film resona-
tor having an improved temperature coefficient of
resonant frequency.

Fig. 3 is a sectional view illustrating a structure of
another conventional piezoelectric thin film resona-
tor having a floating construction.

Fig. 4 is a sectional view of a piezoelectric thin film
resonator according to a first preferred embodiment
of the present invention.

Figs. 5Ato 5l are figuresillustrating a method of man-
ufacturing the piezoelectric thin film resonator shown
in Fig. 4.

Fig. 6 is a figure illustrating a relationship of a film
thickness ratio of piezoelectric thin films and thin film
support portions, and temperature coefficients of
resonant frequency in piezoelectric thin film resona-
tors.

Fig. 7 is a sectional view of a piezoelectric thin film
resonator according to a second preferred embodi-
ment of the present invention.

Fig. 8 is a sectional view of a piezoelectric thin film
resonator according to a third preferred embodiment
of the present invention.

Fig. 9 is a sectional view of a piezoelectric thin film
resonator according to a fourth preferred embodi-
ment of the present invention.

Fig. 10 is a sectional view of a piezoelectric thin film
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resonator according to a fifth preferred embodiment
of the present invention.

Fig. 11 is a sectional view of a piezoelectric thin film
resonator according to a sixth preferred embodiment
of the present invention.

Figs. 12A to 12F are figures illustrating a method of
manufacturing the piezoelectric thin film resonator
shown in Fig. 11.

Fig. 13 is a sectional view of a piezoelectric thin film
resonator according to a seventh preferred embod-
iment of the present invention.

Fig. 14 is a sectional view of a piezoelectric thin film
resonator according to an eighth preferred embodi-
ment of the present invention.

Fig. 15 is a sectional view of a piezoelectric thin film
resonator according to a ninth preferred embodiment
of the present invention.

Fig. 16 is a sectional view of a piezoelectric thin film
resonator according to a tenth preferred embodi-
ment of the present invention.

Fig. 17 is a sectional view of a piezoelectric thin film
resonator according to an eleventh preferred em-
bodiment of the present invention.

Fig. 18 is a sectional view of a piezoelectric thin film
resonator according to a twelfth preferred embodi-
ment of the present invention.

Fig. 19 is a sectional view of a piezoelectric thin film
resonator according to a thirteenth preferred embod-
iment of the present invention.

Fig. 20 is a sectional view of a piezoelectric thin film
resonator according to a fourteenth preferred em-
bodiment of the present invention.

Fig. 21 is a sectional view of a piezoelectric thin film
resonator according to a fifteenth preferred embod-
iment of the present invention.

Fig. 22 is a sectional view of a piezoelectric thin film
resonator according to a sixteenth preferred embod-
iment of the present invention.

Fig. 23 is a sectional view of a piezoelectric thin film
resonator according to a seventeenth preferred em-
bodiment of the present invention.

Fig. 24 is a sectional view of a piezoelectric thin film
resonator according to an eighteenth preferred em-
bodiment of the present invention.

Fig. 25 is a sectional view of a piezoelectric thin film
resonator according to a nineteenth preferred em-
bodiment of the present invention.

Figs. 26A to 26H are figures illustrating a method of
manufacturing the piezoelectric thin film resonator
shown in Fig. 25.

Fig. 27 is a sectional view of a piezoelectric thin film
resonator according to a twentieth preferred embod-
iment of the present invention.

Fig. 28 is a sectional view of a piezoelectric thin film
resonator according to a twenty-first preferred em-
bodiment of the present invention.

Fig. 29 is a sectional view of a piezoelectric thin film
resonator according to a twenty-second preferred
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embodiment of the present invention.

Fig. 30 is a sectional view of a piezoelectric thin film
resonator according to a twenty-third preferred em-
bodiment of the present invention.

Fig. 31 is a sectional view of a piezoelectric thin film
resonator according to a twenty-fourth preferred em-
bodiment of the present invention.

Fig. 32 is a sectional view of a piezoelectric thin film
resonator according to a twenty-fifth preferred em-
bodiment of the present invention.

Fig. 33 is a sectional view of a piezoelectric thin film
resonator according to a twenty-sixth preferred em-
bodiment of the present invention.

Fig. 34 is a sectional view of a piezoelectric thin film
resonator according to a twenty-seventh preferred
embodiment of the present invention.

Fig. 35 is a sectional view of a piezoelectric thin film
resonator according to a twenty-eighth preferred em-
bodiment of the present invention.

Fig. 36 is a sectional view of a piezoelectric thin film
resonator according to a twenty-ninth preferred em-
bodiment of the present invention.

Fig. 37 is a sectional view of a piezoelectric thin film
resonator according to a thirtieth preferred embodi-
ment of the present invention.

Fig. 38 is a sectional view of a piezoelectric thin film
resonator according to a thirty-first preferred embod-
iment of the present invention.

Fig. 39 is a sectional view of a piezoelectric thin film
resonator according to a thirty-second preferred em-
bodiment of the present invention.

Fig. 40 is a sectional view of a piezoelectric thin film
resonator according to a thirty-third preferred em-
bodiment of the present invention.

Fig. 41 is a sectional view of a piezoelectric thin film
resonator according to a thirty-fourth preferred em-
bodiment of the present invention.

Figs. 42A to 42G are figures illustrating a method of
manufacturing the piezoelectric thin film resonator
shown in Fig. 41.

Fig. 43 is a sectional view of a piezoelectric thin film
resonator according to a thirty-fifth preferred embod-
iment of the present invention.

Fig. 44 is a sectional view of a piezoelectric thin film
resonator according to a thirty-sixth preferred em-
bodiment of the present invention.

Figs. 45A to 45C are circuit diagrams respectively
showing an L-type filter, a T-type filter and a Tetype
filter which uses resonators according to any of the
first to thirty-sixth preferred embodiments of the
present invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0028] Hereinafter, preferred embodiments of the
present invention are explained in detail with reference
to the drawings.
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[0029] Fig. 4 is a sectional view illustrating a structure
of a piezoelectric thin film resonator 21 according to a
first preferred embodiment of the present invention. In
the piezoelectric thin film resonator 21, an AIN thin film
23Ais disposed on the upper surface of an Si substrate
22, and the approximately central portion of the Si sub-
strate 22 is opened to make a cavity 24. That is, the Si
substrate 22 has an opening defining the cavity 24 and
has a substantially frame-shape configuration. A portion
of the AIN thin film 23A corresponding to the cavity 24 is
referred to as a thin film support portion 27. A SiO, film
28 is disposed on a lower surface of the Si substrate 22.
A piezoelectric thin film 25Z, preferably made of ZnO, is
disposed on an upper surface of the thin film support
portion 27, thereby forming a piezoelectric laminate
member which includes the AIN thin film 23A and the
piezoelectric thin film 25Z.

[0030] Since the Si substrate 22 has a substantially
frame-shaped configuration, a portion of the piezoelectric
laminate located over the cavity 24 is suspended in the
air by the Si substrate 22, so that this suspended portion,
which may be referred to as a vibration portion, can vi-
brate.

[0031] One excitation electrode 26a is arranged on a
lower surface of the AIN thin film 23A so as to extend
toward an end portion of the Si substrate 22, and a portion
of the excitation electrode 26a is exposed out of the AIN
thin film 23A. Another excitation electrode 26bis provided
on an upper surface of the piezoelectric thin film 252Z.
[0032] Thus, excitation electrodes 26a and 26b are
provided on both sides of the vibration portion of a pie-
zoelectric laminate. Therefore, the vibration portion vi-
brates in a thickness mode in response to an electric
signal for excitation being applied.

[0033] Figs. 5A to 5I are figures illustrating a method
of manufacturing the aforementioned piezoelectric thin
film resonator 21. Itis not shown in Fig. 4, but the etching
of the Si substrate 22 is controlled by a SiO, film 30,
which is located on an upper surface of the Si substrate
22, as follows. A (100) plane Si substrate 22 is prepared,
and a SiO, film 28 is formed on a lower surface of the Si
substrate 22 by sputtering or other suitable process.
Then, a resist film 29 is formed on the SiO, film 28, and,
using photolithography, the resist film 29 is patterned to
make an opening, which is show in Fig. 5A. As seen in
Fig. 5B, through the opening of the resist film 29, the SiO,
film 28 is selectively etched with hydrofluoric acid, or oth-
er suitable etchant, to form an opening in the SiO, film
28, which opening is adjusted according to the opening
of the resist film.

[0034] After removing the resist film 29, which is
formed on the lower surface of the Si substrate 22, a SiO,
film 30 is formed on the surface of the Si substrate 22,
by a CVD method, a sputtering method, or other suitable
method, as seen in Fig. 5C. Thereafter, using the SiO,
film 30 as a mask, the Si substrate 22 is anisotropically
etched with an etching liquid, such as TMAH, from the
lower surface. As a result of the anisotropic etching, the
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approximately center portion of the Si substrate 22 is
opened, and a cavity 24 is formed under the SiO, film
30, as seen in Fig. 5D. Accordingly, the areas surround-
ing the SiO, film 30 are supported by the Si substrate
22, and the approximately center portion of the SiO, film
30 is arranged to be free from the Si substrate 22 on the
cavity 24.

[0035] Then, an electrode material is deposited on the
surface of the SiO, film 30, preferably by a lift-off vapor
deposition method, to form one excitation electrode 26a,
as seen in Fig. 5E. An AIN thin film 23A is formed on the
surface of the SiO, film 30 preferably by reactive sput-
tering from above the excitation electrode 26a, as seen
in Fig. 5F. Atthis time, a portion of the excitation electrode
26a is exposed from the AIN thin film 23A.

[0036] Then, ZnO is deposited, preferably by reactive
sputtering using a metal mask, to form a ZnO piezoelec-
tric thin film 25Z on the AIN thin film 23A, as seen in Fig.
5G. Furthermore, the electrode material is deposited on
the ZnO piezoelectric thin film 252, preferably by a lift-
off vapor deposition method, to form the other excitation
electrode 26b, as seen in Fig. 5H. An exposed portion of
the SiO, film 30 is removed, preferably by a wet etching
with HF series etchants, and dry etching with RIE, or
other suitable material and method, to expose the exci-
tation electrode 26a and the lower surface of the SiO,
film 30, as seen in Fig. 5I. Thus, the piezoelectric thin
film resonator 21, having a structure shown in Fig. 4, is
manufactured.

[0037] As aresult, the temperature coefficient of res-
onant frequency of ZnO has a negative value, the tem-
perature coefficient of resonant frequency of AIN has a
positive value. Therefore, in the piezoelectric thin film
resonator 21, which is formed as described above by
uniting the ZnO piezoelectric thin film 25Z and the AIN
thin film support portion 27, the temperature coefficient
of resonant frequency becomes nearly zero by properly
adjusting a film thickness ratio of the ZnO piezoelectric
thin film 25Z and the thin film support portion 27.

[0038] Fig.6 shows changes of temperature coeffi-
cients of resonant frequency of the piezoelectric thin film
resonator 21 with changes of the ratio of the film thickness
of AIN thin film support portion, Ty, to the film thickness
of ZnO piezoelectric thin film 25Z, T4, or (Tan/Tzno)-
From experimental data, the most suitable film thickness
ratio can be determined, and the temperature coefficient
of resonant frequency of the piezoelectric thin film reso-
nator 21 is determined to be nearly zero.

[0039] Furthermore, in conventional piezoelectric thin
film resonators, thin film support portions only function
to support the piezoelectric thin films, which are to be
piezoelectrically vibrated. In contrast, in the piezoelectric
thin film resonator 21 of this preferred embodiment of the
present invention, because ZnO, constituting the ZnO
piezoelectric thin film 252, and the thin film support por-
tion 27 are both piezoelectric materials, when an electric
signal is applied to the ZnO piezoelectric thin film 252
and the thin film support portion 27 via the excitation elec-
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trodes 26a and 26b, elastic vibrations (thickness mode
vibrations) are generated in both of the thin film support
portion 27 and the ZnO piezoelectric thin film 252, then,
a large resonant response is obtained and strong reso-
nant characteristics are achieved.

[0040] Fig. 7 is a sectional view of a piezoelectric thin
film resonator 31 according to a second preferred em-
bodiment of the present invention. In the piezoelectric
thin film resonator 31, a ZnO thin film 23Z is provided on
an upper surface of a Si substrate 22, and a cavity 24 is
made in the approximate central portion of the Si sub-
strate 22. An AIN piezoelectric thin film 25A is provided
on the ZnO thin film 23Z. Excitation electrodes 26a and
26b are disposed, respectively, on an upper surface and
a lower surface of a vibration portion, preferably made
of a laminate of the AIN piezoelectric thin film 25A and
the thin film support portion 27.

[0041] Because the piezoelectric thin film resonator 31
corresponds to the resonator in the first preferred em-
bodiment, wherein piezoelectric materials of the thin film
support portion and ZnO piezoelectric thin film are ex-
changed with each other, similarly to the first preferred
embodiment, the temperature coefficient of resonant fre-
guency becomes stable by properly adjusting the film
thickness of the thin film support portion 27, and the film
thickness of the AIN piezoelectric thin film 25A. Further-
more, the thin film support portion 27 and AIN piezoelec-
tric thin film 25A are both piezoelectrically vibrated, so
that it is possible to greatly increase the resonant imped-
ance of the piezoelectric thin film resonator 31, and to
obtain very strong resonant characteristics.

[0042] Fig. 8 is a sectional view of a piezoelectric thin
film resonator 32 according to a third preferred embodi-
ment of the present invention. In the piezoelectric thin
film resonator 32, an AIN thin film 23A is disposed on a
Si substrate 22, and a cavity 24 is made in the approxi-
mately central portion of the Si substrate 22 by the ani-
sotropic etching, and an AIN piezoelectric thin film 25A
is further provided thereon. Excitation electrodes 26a and
26b are disposed, respectively, on an upper surface and
a lower surface of a vibration portion, preferably made
of a laminate of the AIN piezoelectric thin film 25A, a ZnO
piezoelectric thin film 25Z, and a thin film support portion
27.

[0043] The piezoelectric thin film resonator 32 is also
manufactured in a manner similar to the first preferred
embodiment, except that, after forming the ZnO piezoe-
lectric thin film 25Z, by the reactive sputtering using a
metal mask, the AIN piezoelectric thin film 25A is formed
by the reactive sputtering using a metal mask.

[0044] Insuchalaminate having athree-layered struc-
ture, by properly adjusting each ratio of film thickness of
the thin film support portion 27, the ZnO piezoelectric thin
film 25Z, and the AIN piezoelectric thin film 25A, the tem-
perature coefficient of resonant frequency is nearly zero,
and the temperature characteristics are made very sta-
ble.
[0045]

Furthermore, because the entire laminate
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member including three layers of piezoelectric thin films,
23A, 25Z, and 25A, is made of piezoelectric materials,
when an electric signal is applied to the piezoelectric thin
films 25A and 257, and the thin film support portion 27
via the excitation electrodes 26a and 26b, elastic vibra-
tions are generated in all of the thin film support portion
27, and the piezoelectric thin films 25Z and 25A, then, a
very large resonant response is obtained and very strong
resonant characteristics are achieved.

[0046] Inthe piezoelectric thin film resonator 32 having
such a unique structure, when the film thickness of the
thin film support portion 27 and the film thickness of the
AIN piezoelectric thin film 25A are equalized, the top and
bottom structures of the laminate become nearly sym-
metric each other, then mechanical warps in the lami-
nate, due to temperature changes, are prevented from
occurring.

[0047] Fig. 9is a sectional view of a piezoelectric thin
film resonator 33 according to a fourth preferred embod-
iment of the present invention. In the piezoelectric thin
film resonator 33, a ZnO thin film 23Z is provided on an
upper surface of a Si substrate 22, and a cavity 24 is
provided in the approximately central portion of the Si
substrate 22. An AIN piezoelectric thin film 25A is dis-
posed on a ZnO thin film 23Z, and furthermore, a ZnO
piezoelectric thin film 25Z is disposed thereon. Excitation
electrodes 26b and 26a are respectively located on an
upper surface and a lower surface of a vibration portion,
which is preferably made of a laminate of the ZnO pie-
zoelectric thin film 252, the AIN piezoelectric thin film
25A, and the thin film support portion 27.

[0048] Because the piezoelectric thin film resonator 33
corresponds to the piezoelectric thin film resonator 32 in
the third preferred embodiment, wherein piezoelectric
materials of the thin film support portion 27, the ZnO pi-
ezoelectric thin film 25Z, and the ALN piezoelectric thin
film 25A are exchanged, similarly to the third preferred
embodiment, the temperature coefficient of resonant fre-
quency becomes very stable by properly adjusting the
film thickness of the thin film support portion 27 and the
film thickness of each piezoelectric thin film 25A and 25Z.
Furthermore, the thin film support portion 27 and each
piezoelectric thin film 25A and 25Z are piezoelectrically
vibrated so as to greatly increase the resonant response
of the piezoelectric thin film resonator 33, and to obtain
very strong resonant characteristics. By making the top
and bottom structures of the laminate nearly symmetric
each other, mechanical warps in the laminate caused by
temperature changes or other environmental factors are
prevented from occurring.

[0049] Fig. 10is a sectional view of a piezoelectric thin
film resonator 34 according to a fifth preferred embodi-
ment of the present invention. In the piezoelectric thin
film resonator 34, an AIN thin film 23A is provided on a
Si substrate 22, and a cavity 24 is made in the approxi-
mately central portion of the Si substrate 22 by aniso-
tropic etching, and a ZnO piezoelectric thin film 257 is
disposed thereon, and an AIN piezoelectric thin film 25A
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is disposed thereon. Excitation electrodes 26a are re-
spectively disposed on a boundary of the AIN piezoelec-
tric thin film 25A and the ZnO piezoelectric thin film 252,
and a lower surface of the thin film support portion 27,
and are in continuity each other. Excitation electrodes
26b are respectively disposed on an upper surface of the
AIN piezoelectric thin film 25A, and on a boundary of the
ZnO piezoelectric thin film 25Z and the AIN thin film sup-
port portion 27, and are in continuity each other.

[0050] In the piezoelectric thin film resonator 34, be-
cause the AIN piezoelectric thin film 25A, the ZnO pie-
zoelectric thin film 25Z, and the thin film support portion
27 are connected in parallel, when an electric signal is
applied to the piezoelectric thin film 25A, 25Z, and the
thin film support portion 27 via the excitation electrodes
26a and 26b, elastic vibrations are generated in the thin
film support portion 27, and in each piezoelectric thin film
25A and 25Z, respectively, then, a very large resonant
response and very strong resonant characteristics are
achieved.

[0051] Insuchalaminate having athree-layered struc-
ture, by properly adjusting each ratio of film thickness of
the AIN thin film support portion 27, the ZnO piezoelectric
thin film 2527, and the AIN piezoelectric thin film 25A, the
temperature coefficient of resonant frequency becomes
nearly zero and temperature characteristics become very
stable.

[0052] Inthe piezoelectric thin film resonator 34 having
such a structure, when the film thickness of the thin film
support portion 27 and the film thickness of the AIN pie-
zoelectric thin film 25A are equalized, the top and bottom
structures of the laminate become nearly symmetric to
each other, which prevents the occurrence of mechanical
warps in the laminate.

[0053] Inthe piezoelectric thin film resonator 34 having
such a structure, AIN and ZnO may be exchanged with
each other, an AIN piezoelectric thin film may be disposed
on a ZnO piezoelectric thin film, and a ZnO piezoelectric
thin film may be disposed thereon.

[0054] Fig. 11is a sectional view of a piezoelectric thin
film resonator 41 according to a sixth preferred embod-
iment of the present invention. This is the piezoelectric
thin film resonator 41 having an air bridge construction,
made by forming a thin film support portion 44A, prefer-
ably made of AIN, on a glass substrate 42 via an air gap
43, and forming a piezoelectric thin film 452, preferably
made of ZnO, on the thin film support portion 44A. Then,
excitation electrodes 46b and 46a are respectively dis-
posed on an upper surface and a lower surface of a vi-
bration portion, which includes a laminate of the ZnO
piezoelectric thin film 45Z and the thin film support portion
44A.

[0055] Thus, excitation electrodes 46a and 46b are lo-
cated on both sides of a vibration portion, including a
laminate of the ZnO piezoelectric thin film 45Z and the
thin film support portion 44A. As a result, the ZnO piezo-
electric thin film 45Z and the thin film support portion 44A
vibrate in the thickness mode when an electric signal for
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excitation is applied.

[0056] Figs. 12Ato 12F are figures illustrating a meth-
od of manufacturing the aforementioned piezoelectric
thin film resonator 41. A sacrifice layer 47, preferably
made of ZnO, is formed on a glass substrate 42, and the
sacrifice layer 47 is etched leaving a portion, correspond-
ing to an air gap 43, behind, as seen in Fig. 12A. Then,
by using the vacuum evaporation method and the lift-off
method, an excitation electrode 46a is formed, with Al,
on the sacrifice layer 47, as seen in Fig. 12B.

[0057] The thin film support portion 44A, preferably
made of AIN, is formed on the sacrifice layer 47 preferably
by a reactive sputtering method, as seen in Fig. 12C.
Thereafter, the sacrifice layer 47 is etched with an aque-
ous solution of acetic acid, and the air gap 43 is formed
on the lower surface of the thin film support portion 44A
to float the thin film support portion 44A above an upper
surface of glass substrate 42, as seen in Fig. 12D. Then,
the ZnO piezoelectric thin film 45Z is formed on the upper
surface of the thin film support portion 44A preferably by
the sputtering method, as seen in Fig. 12E, and the ex-
citation electrode 46b is formed on the ZnO piezoelectric
thin film 45Z by the vacuum evaporation method using a
metal mask, as seen in Fig. 12F. Thus, the piezoelectric
thin film resonator 41 having a floating construction,
shown in Fig. 11, is manufactured.

[0058] The temperature coefficient of resonant fre-
quency of ZnO has a negative value, the temperature
coefficient of resonant frequency of AIN has positive val-
ue. Therefore, in the piezoelectric thin film resonator 41,
wherein the ZnO piezoelectric thin film 45Z is disposed
on the thin film support portion 44A, having a floating
construction, the temperature coefficient of resonant fre-
guency becomes nearly zero by properly adjusting a film
thickness ratio of the ZnO piezoelectric thin film 45Z and
the thin film support portion 44A.

[0059] Furthermore, in conventional piezoelectric thin
film resonators having a floating construction, thin film
support portions only function to support the piezoelectric
thin films. However, in the piezoelectric thin film resonator
41, because ZnO, constituting the ZnO piezoelectric thin
film 45Z, and AIN constituting the thin film support portion
44A, are both piezoelectric materials, when an electric
signal is applied to the ZnO piezoelectric thin film 452
and the thin film support portion 44A via the excitation
electrodes 46a and 46b, elastic vibrations are generated
in both of the thin film support portion 44A and the ZnO
piezoelectric thin film 45Z, then, a very large resonant
response is obtained and very strong resonant charac-
teristics are achieved.

[0060] According to the piezoelectric thin film resona-
tor 41, having such a floating construction, since it is not
necessary to remove the lower surface of the substrate
42 by etching, there is an advantage in that the resonator
is not limited to substrates of specialized materials such
as glass.

[0061] Inthe piezoelectric thin film resonator 41 of this
preferred embodiment, also, ZnO and AIN may be ex-
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changed with each other, and an AIN piezoelectric thin
film may be formed on a ZnO thin film support portion.
[0062] Fig. 13is a sectional view of a piezoelectric thin
film resonator 51 according to a seventh preferred em-
bodiment of the present invention. In the piezoelectric
thin film resonator 51, an AIN thin film 23A is disposed
on a Si substrate 22, and the AIN thin film 23A is formed
by forming a cavity 24 in the approximately central portion
of the Si substrate 22 preferably by anisotropic etching,
and a ZnO piezoelectric thin film 252 is formed thereon,
furthermore, an AIN piezoelectric thin film 25A is formed
thereon. An excitation electrode 26b is formed on an up-
per surface of the AIN piezoelectric thin film 25A, and an
excitation electrode 26a is formed on a boundary of the
thin film support portion 27 and the ZnO piezoelectric thin
film 25Z.

[0063] The piezoelectric thin film resonator 51 is pref-
erably manufactured in a manner similar to the third pre-
ferred embodiment, except for reversing an order of man-
ufacturing of the thin film support portion 27 and the ex-
citation electrode 26a.

[0064] In such a laminate having a three-layer struc-
ture, by properly adjusting each ratio of film thickness of
the thin film support portion 27, the ZnO piezoelectric thin
film 25Z, and the AIN piezoelectric thin film 25A, temper-
ature coefficients of resonant frequency become nearly
zero and temperature characteristics become stable.
[0065] In the piezoelectric thin film resonator 51, be-
cause the AIN piezoelectric thin film 25A and the ZnO
piezoelectric thin film 25Z are held between the excitation
electrodes 26a and 26b, when an electric signal is applied
to the piezoelectric thin films 25A and 25Z, via the exci-
tation electrodes 26a and 26b, elastic vibrations are gen-
erated in the piezoelectric thin films 25A and 25Z, then,
a very large resonant response is obtained and very
strong resonant characteristics are realized. On the other
hand, the thin film support portion 27, including AIN, is
not located between the excitation electrodes 26a and
26b. However, since AN is a piezoelectric material, when
a signal voltage is applied to the excitation electrodes
26a and 26b, the thin film support portion 27 is also ap-
plied with a voltage, by dielectric polarization, to contrib-
ute the improvement of resonant characteristics of the
piezoelectric thin film resonator 51.

[0066] Inthe piezoelectric thinfilm resonator 51 having
such a unique structure, when the film thickness of the
thin film support portion 27 and the film thickness of the
AIN piezoelectric thin film 25A are equalized, the top and
bottom structures of the laminate become nearly sym-
metric each other and mechanical warpage in the lami-
nate caused by temperature changes is prevented.
[0067] Fig. 14 is a sectional view of a piezoelectric thin
film resonator 52 according to a eighth preferred embod-
iment of the present invention. In this preferred embod-
iment, which preferably has a similar arrangement of the
thin film support portion 27, and the piezoelectric thin film
257 and 25A, as the piezoelectric thin film resonator 51,
shown in Fig. 13, the excitation electrodes 26a and 26b
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are located on the upper surface of the ZnO piezoelectric
thin films 25Z, and on the lower surface of the thin film
support portion 27.

[0068] In the piezoelectric thin film resonator 52, be-
cause the thin film support portion 27 and the ZnO pie-
zoelectric thin film 25Z are held between the excitation
electrodes 26a and 26b, when an electric signal is applied
to the thin film support portion 27 and the ZnO piezoe-
lectric thin film 25Z via the excitation electrodes 26a and
26b, elastic vibrations are generated in the thin film sup-
port portion 27, and the ZnO piezoelectric thin film 252,
then, avery large resonant response is obtained and very
strong resonant characteristics are achieved. On the oth-
er hand, the AIN piezoelectric thin film 25A is not located
between the excitation electrodes 26a and 26b. Howev-
er, since AIN is a piezoelectric material, when a signal
voltage is applied to the excitation electrodes 26a and
26b, the AIN piezoelectric thin film 25A is also applied
with a voltage, by dielectric polarization, to contribute the
improvement of resonant characteristics of the piezoe-
lectric thin film resonator 52. Therefore, in this preferred
embodiment, the piezoelectric thin film resonator 52 has
stable temperature characteristics of resonant frequen-
cy, very strong resonant characteristics, and a construc-
tion that prevents warpage in the piezoelectric thin film
257 and 25A, and the thin film support portion 27.
[0069] Fig. 15is a sectional view of a piezoelectric thin
film resonator 53 according to a ninth preferred embod-
iment of the present invention. In the piezoelectric thin
film resonator 53, a ZnO thin film 23Z is disposed on a
Si substrate 22, and a cavity 24 is made in the approxi-
mately central part of the Si substrate 22 preferably by
anisotropic etching. An AIN piezoelectric thin film 25A is
disposed on the ZnO thin film 232, and furthermore, a
ZnO piezoelectric thin film 25Z is provided thereon. The
excitation electrode 26b is disposed on an upper surface
of the ZnO piezoelectric thin film, and the excitation elec-
trode 26a is disposed on a boundary of the thin film sup-
port portion 27 and the AIN piezoelectric thin film 25A.
[0070] In the piezoelectric thin film resonator 53, be-
cause the ZnO piezoelectric thin film 25Z and the AIN
piezoelectric thinfilm 25A are held between the excitation
electrodes 26a and 26b, when an electric signal is applied
to the piezoelectric thin films 25Z and 25A, via the exci-
tation electrodes 26a and 26b, elastic vibrations are gen-
erated in the piezoelectric thin films 25Z and 25A, then,
a very large resonant response is obtained and very
strong resonant characteristics are achieved. On the oth-
er hand, the thin film support portion 27, including ZnO,
is not located between the excitation electrodes 26a and
26b. However, since ZnO is a piezoelectric material,
when a signal voltage is applied to the excitation elec-
trodes 26a and 26b, the ZnO thin film support portion 27
is also applied with a voltage, by dielectric polarization,
to contribute the improvement of resonant characteristics
of the piezoelectric thin film resonator 53.

[0071] Therefore, inthis preferred embodiment, the pi-
ezoelectric thin film resonator 53 has stable temperature



15 EP 1100 196 B1 16

characteristics of resonant frequency, very strong reso-
nant characteristics, and a construction that prevents
warpage in the piezoelectric thin film 25Z and 25A, and
the thin film support portion 27 from occurring due to tem-
perature changes.

[0072] Fig. 16is a sectional view of a piezoelectric thin
film resonator 54 according to a tenth preferred embod-
iment of the present invention. In this preferred embod-
iment, which has a similar arrangement of the thin film
support portion 27, and the piezoelectric thin films 25A
and 25Z, as the piezoelectric thin film resonator 53,
shown in Fig. 15, the excitation electrodes 26a and 26b
are disposed onthe upper surface of the AIN piezoelectric
thin films 25A, and on the lower surface of the thin film
support portion 27.

[0073] In the piezoelectric thin film resonator 54, be-
cause the AIN piezoelectric thin film 25A and the thin film
support portion 27 are held between the excitation elec-
trodes 26b and 26a, when an electric signal is applied to
the AIN piezoelectric thin film 25A and the thin film sup-
port portion 27, via the excitation electrodes 26a and 26b,
elastic vibrations are generated in the AIN piezoelectric
thin film 25A and the thin film support portion 27. As a
result, a very large resonant response is obtained and
very strong resonant characteristics are achieved. On
the other hand, the ZnO piezoelectric thin film 25Z is not
located between the excitation electrodes 26a and 26b.
However, since ZnO is a piezoelectric material, when a
signal voltage is applied to the excitation electrodes 26a
and 26b, the ZnO piezoelectric thin film 25Z is also ap-
plied with a voltage, by dielectric polarization, to contrib-
ute to the improvement of resonant characteristics of the
piezoelectric thin film resonator 54. Therefore, in this pre-
ferred embodiment, the piezoelectric thin film resonator
54 achieves very stable temperature characteristics of
resonant frequency and very strong resonant character-
istics.

[0074] Fig. 17 is a sectional view of a piezoelectric thin
film resonator 55 according to an eleventh preferred em-
bodiment of the present invention. In the piezoelectric
thin film resonator 55, an AIN thin film 23A is disposed
on an upper surface of a Si substrate 22, and a cavity 24
is disposed in the approximately central part of the Si
substrate 22. A ZnO piezoelectric thin film 25Z is dis-
posed on an AIN piezoelectric thin film 23A. Excitation
electrodes 26b and 26a are disposed on an upper surface
and alower surface of the ZnO piezoelectric thin film 25Z.
[0075] In the piezoelectric thin film resonator 55, be-
cause the ZnO piezoelectric thin film 25Z is held between
the excitation electrodes 26a and 26b, when an electric
signal is applied to the piezoelectric thin films 25Z, via
the excitation electrodes 26a and 26b, an elastic vibration
is generated in the piezoelectric thin film 25Z. As a result,
avery large resonant response is achieved. On the other
hand, the thin film support portion 27 is not located be-
tween the excitation electrodes 26a and 26b. However,
since AIN is a piezoelectric material, when a signal volt-
age is applied to the excitation electrodes 26a and 26b,
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the thin film support portion 27 is also applied with a volt-
age, by dielectric polarization, to improve the resonant
characteristics of the piezoelectric thin film resonator 55.
[0076] Therefore, inthis preferred embodiment, the pi-
ezoelectric thin film resonator 55 achieves very stable
temperature characteristics of resonant frequency and
very strong resonant characteristics.

[0077] Fig. 18 is a sectional view of a piezoelectric thin
film resonator 56 according to a twelfth preferred embod-
iment of the present invention. In this preferred embod-
iment, which preferably has a similar arrangement of the
thin film support portion 27 and the ZnO piezoelectric thin
film 25Z, as the piezoelectric thin film resonator 55,
shown in Fig. 17, the excitation electrodes 26b and 26a
are disposed on the upper surface and the lower surface
of the thin film support portion 27.

[0078] In the piezoelectric thin film resonator 56, be-
cause the thin film support portion 27 is held between
the excitation electrodes 26a and 26b, when an electric
signal is applied to the thin film support portion 27, via
the excitation electrodes 26a and 26b, an elastic vibration
is generated in the thin film support portion 27. As aresult,
avery large resonant response is achieved. On the other
hand, the ZnO piezoelectric thin film 25Z is not located
between the excitation electrodes 26a and 26b. Howev-
er, since ZnO is a piezoelectric material, when a signal
voltage is applied to the excitation electrodes 26a and
26b, the ZnO piezoelectric thin film 25Z is also applied
with a voltage, by dielectric polarization, to improve the
resonant characteristics of the piezoelectric thin film res-
onator 56. Therefore, in this preferred embodiment, the
piezoelectric thin film resonator 56 achieves very stable
temperature characteristics of resonant frequency and
very strong resonant characteristics.

[0079] Fig. 19is a sectional view of a piezoelectric thin
film resonator 57 according to a thirteenth preferred em-
bodiment of the present invention. In the piezoelectric
thin film resonator 57, a ZnO thin film 23Z is disposed on
an upper surface of a Si substrate 22, and a cavity 24 is
made in the approximately central portion of the Si sub-
strate 22. A ZnO piezoelectric thin film 25Z is disposed
on an AIN piezoelectric thin film 23A. Excitation elec-
trodes 26b and 26a are disposed on an upper surface
and a lower surface of the ZnO piezoelectric thin film 25Z.
[0080] In the piezoelectric thin film resonator 57, be-
cause the AIN piezoelectric thin film 25A is held between
the excitation electrodes 26b and 26a, when an electric
signal is applied to the piezoelectric thin film 25A, via the
excitation electrodes 26a and 26b, an elastic vibration is
generated in the AIN piezoelectric thin film 25A. As a
result, a very large resonant response is achieved. On
the other hand, the thin film support portion 27 is not
located between the excitation electrodes 26a and 26b.
However, since ZnO is a piezoelectric material, when a
signal voltage is applied to the excitation electrodes 26a
and 26b, the thin film support portion 27 is also applied
with a voltage, by dielectric polarization, to improve the
resonant characteristics of the piezoelectric thin film res-
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onator 57. Therefore, in this preferred embodiment, also,
the piezoelectric thin film resonator 57 achieves very sta-
ble temperature characteristics of resonant frequency
and very strong resonant characteristics.

[0081] Fig.20is a sectional view of a piezoelectric thin
film resonator 58 according to a fourteenth preferred em-
bodiment of the present invention. In this preferred em-
bodiment, which preferably has a similar arrangement of
the thin film support portion 27 and the AIN piezoelectric
thin film 25A, as the piezoelectric thin film resonator 57,
shown in Fig. 19, the excitation electrodes 26b and 26a
are disposed on the upper surface and the lower surface
of the thin film support portion 27.

[0082] In the piezoelectric thin film resonator 58, be-
cause the thin film support portion 27 is held between
the excitation electrodes 26a and 26b, when an electric
signal is applied to the thin film support portion 27, via
the excitation electrodes 26a and 26b, an elastic vibration
is generated in the thin film support portion 27. As aresult,
avery large resonant response is achieved. On the other
hand, the AIN piezoelectric thin film 25A is not located
between the excitation electrodes 26b and 26a. Howev-
er, since AIN is a piezoelectric material, when a signal
voltage is applied to the excitation electrodes 26a and
26b, the AIN piezoelectric thin film 25A is also supplied
with a voltage, by dielectric polarization, to improve the
resonant characteristics of the piezoelectric thin film res-
onator 58. Therefore, in this preferred embodiment, the
piezoelectric thin film resonator 58 achieves very stable
temperature characteristics of resonant frequency and
very strong resonant characteristics.

[0083] Fig. 21 is a sectional view of a piezoelectric thin
film resonator 59 according to a fifteenth preferred em-
bodiment of the present invention. In the piezoelectric
thin film resonator 59, an AIN thin film 23A is disposed
on a Si substrate 22, and a cavity 24 is located in the
approximately central portion of the Si substrate 22. A
ZnO piezoelectric thin film 25Z is disposed on the AIN
thin film 23A, and, furthermore, an AIN piezoelectric thin
film 25A is disposed thereon. Then, only one layer of a
three-layered structure, including the thin film support
portion 27 and the piezoelectric thin films 25A and 252,
is held between the excitation electrodes 26a and 26b.
[0084] In the piezoelectric thin film resonator 59, be-
cause only one layer selected from the thin film support
portion 27 and the piezoelectric thin films 25A and 252,
is held between the excitation electrodes 26a and 26b,
when an electric signal is applied, via the excitation elec-
trodes 26a and 26b, an elastic vibration is generated in
the one layer. As aresult, a very large resonant response
is achieved. On the other hand, the remaining two layers
are not located between the excitation electrodes 26b
and 26a. However, since both layers are made of piezo-
electric materials, when a signal voltage is applied to the
excitation electrodes 26, both layers are also supplied
with a voltage, by dielectric polarization, to improve the
resonant characteristics of the piezoelectric thin film res-
onator 59. Therefore, in this preferred embodiment, the
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piezoelectric thin film resonator 59 achieves very stable
temperature characteristics of resonant frequency and
very strong resonant characteristics, and does not expe-
rience warpage caused by temperature changes.
[0085] Fig. 22 is a sectional view of a piezoelectric thin
film resonator 60 according to a sixteenth preferred em-
bodiment of the present invention. In the piezoelectric
thin film resonator 60, a ZnO thin film 23Z is disposed on
an upper surface of a Si substrate 22, and a cavity 24 is
located in the approximately central portion of the Si sub-
strate 22. An AIN piezoelectric thin film 25A is disposed
on the ZnO thin film 232, and, furthermore, a ZnO pie-
zoelectric thin film 252 is disposed thereon. Then, only
one layer of a three-layered structure including the thin
film support portion 27 and the piezoelectric thin films
25A and 25Z, is held between the excitation electrodes
26b and 26a.

[0086] In the piezoelectric thin film resonator 60, be-
cause only one layer selected from the thin film support
portion 27 and the piezoelectric thin films 25A and 252,
is held between the excitation electrodes 26a and 26b,
when an electric signal is applied, via the excitation elec-
trodes 26a and 26b, an elastic vibration is generated in
the onelayer, then, aresonantresponse can be obtained.
On the other hand, the remaining two layers are not lo-
cated between the excitation electrodes 26a and 26b.
However, since both layers are made of piezoelectric ma-
terials, when a signal voltage is applied to the excitation
electrodes 26a and 26b, both layers are also supplied
with a voltage, by dielectric polarization, to improve res-
onant characteristics of the piezoelectric thin film reso-
nator 60. Therefore, in this preferred embodiment, the
piezoelectric thin film resonator 60 achieves very stable
temperature characteristics of resonant frequency and
very strong resonant characteristics and does not expe-
rience warpage caused by temperature changes.
[0087] Various preferred embodiments, relating to di-
aphragm type piezoelectric thin film resonators, have
been explained above. For piezoelectric thin film reso-
nators having floating construction, various preferred
embodiments, such as a resonator wherein more than
two layers are located on a thin film support portion, a
resonator wherein only a portion of a thin film support
portion and a piezoelectric thin film are held between
excitation electrodes, and a resonator wherein a combi-
nation of piezoelectric materials are changed, are possi-
ble.

[0088] For example, Fig. 23 is a sectional view of a
piezoelectric thin film resonator 61 according to a sev-
enteenth preferred embodiment of the present invention
that illustrates a different preferred embodiment of the
piezoelectric thin film resonator 61 having a floating con-
struction. In the piezoelectric thin film resonator 61, an
AIN thin film support portion 44A, having a floating con-
struction, is located on a glass substrate 42 via an air
gap 43, a ZnO piezoelectric thin film 452 is disposed on
the thin film support portion 44A, and excitation elec-
trodes 46b and 46a are disposed on an upper surface
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and a lower surface of the ZnO piezoelectric thin film 45Z.
[0089] In the piezoelectric thin film resonator 61, be-
cause the piezoelectric thin film 45Z is held between the
excitation electrodes 46b and 46a, when an electric sig-
nal is applied to the piezoelectric thin film 45Z, via the
excitation electrodes 46a and 46b, an elastic vibration is
generated in the piezoelectric thin film 452, then, a res-
onant response can be obtained. On the other hand, the
thin film support portion 44A is not located between the
excitation electrodes 46a and 46b. However, since AIN
is a piezoelectric material, when a signal voltage is ap-
plied to the excitation electrodes 46a and 46b, the thin
film support portion 44A is also supplied with a voltage,
by dielectric polarization, to improve the resonant char-
acteristics of the piezoelectric thin film resonator 61.
Therefore, in this preferred embodiment, the piezoelec-
tric thin film resonator 61 achieves very stable tempera-
ture characteristics of resonant frequency and very
strong resonant characteristics.

[0090] Fig.24isasectionalview, illustrating a structure
of a piezoelectric thin film resonator 62 according to an
eighteenth preferred embodiment of the present inven-
tion. In this preferred embodiment, a cavity 24 is formed
on an upper surface of a Si substrate 22 by etching the
upper surface of the Si substrate 22, and an excitation
electrode 26a, an AIN thin film 23A, a ZnO thin film 25,
and an excitation electrode 26b are disposed on the Si
substrate 22. A SiO, film 28 is disposed on a lower sur-
face of the Si substrate 22. A manufacturing procedure
for this preferred embodiment is as follows. The excita-
tion electrode 26a and the AIN thin film 23A are formed
on the upper surface of the Si substrate 22, and, there-
after, an etching liquid is injected into the upper surface
of the Si substrate 22 through an opening provided in the
AIN thin film 23A, to form the cavity 24 by etching a portion
of the Si substrate 22 located under the opening of the
AIN thin film 23A. Then the ZnO thin film 25 is formed on
the upper surface of the AIN thin film 23A, and the exci-
tation electrode 26b is formed thereon.

[0091] This preferred embodiment corresponds to the
resonator according to the first preferred embodiment,
wherein the cavity 24 is not formed from the lower surface
of the substrate, but from the surface of the substrate.
Such a piezoelectric resonator 30 achieves advantages
similar to those achieved by the first preferred embodi-
ment. Furthermore, in this preferred embodiment, ac-
cording to combinations of piezoelectric films and elec-
trodes corresponding to the second preferred embodi-
ment to the sixteenth preferred embodiment, are possi-
ble.

[0092] Fig.25isasectional viewillustrating a structure
of a piezoelectric thin film resonator 121 according to a
nineteenth preferred embodiment of the present inven-
tion. In the piezoelectric thin film resonator 121, an SiO,
thin film 123 is disposed on the upper surface of a Si
substrate 122, and the approximately central portion of
the Si substrate 122 is opened to define a cavity 124.
That is, the Si substrate 122 has an opening defining the
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cavity 124 and has a frame shape. A portion of the SiO,
thin film 123 corresponding to the cavity 124 is referred
to as a thin film support portion 125. An SiO, film 129 is
disposed on the lower surface of the Si substrate 122.
On the upper surface of the SiO, thin film 123, a piezo-
electric thin film 126A including AIN, is disposed, and a
piezoelectric thin film 126Z, including ZnO, is disposed
thereon, and a piezoelectric laminate 128 including the
AIN piezoelectric thin film 126A and ZnO piezoelectric
thin film 1262, is disposed on the thin film support portion
125.

[0093] The piezoelectric thin film 126A and the piezo-
electric thin film 126Z define a piezoelectric laminate, and
the piezoelectric laminate and the SiO, thin film 123 de-
fine alaminated structure. Since the Si substrate 122 has
a frame shape, a portion of the piezoelectric laminate
over the cavity 124 is suspended by the Si substrate 122,
so that this portion which may be referred to as a vibration
portion, can vibrate.

[0094] One excitation electrode 127a is disposed on
the lower surface of the AIN piezoelectric thin film 126A,
and a portion of the excitation electrode 127ais exposed
out of the AIN piezoelectric thin film 126A. Another exci-
tation electrode 127b is disposed on the upper surface
of the ZnO piezoelectric thin film 126Z.

[0095] Thus, excitation electrodes 127a and 127b are
disposed on both sides of the piezoelectric laminate, and
the vibration portion of the laminated structure vibrates
in thickness mode as a whole when an electric signal for
excitation is applied.

[0096] Figs. 26A to 26H are figures illustrating a meth-
od of manufacturing the aforementioned piezoelectric
thin film resonator 121. A (100) plane Si substrate 122
is prepared, the SiO, film 129 is formed on alower surface
of the Si substrate 122 by sputtering or other suitable
process. Then, a resist film 130 is formed on the SiO,
film 129, and, using photolithography, the resist film 130
is patterned to make an opening, as seen in Fig. 26A.
Through the opening of the resist film 130, the SiO, film
129 is selectively etched with hydrofluoric acid, or other
suitable material, to make an opening, being adjusted to
the opening of the resist film, into the SiO, film 129, as
seen in Fig. 26B. After removing the resist film 130, hav-
ing been formed on the lower surface of the Si substrate
122, the SiO, thin film 123 is formed on the surface of
the Sisubstrate 122, by sputtering, CVD, or other suitable
process, as seen in Fig. 26C.

[0097] Using the SiO, film 129, on the lower surface,
as a mask, the Si substrate 122 is anisotropically etched
with an etching liquid, such as TMAH, from the lower
surface. By the anisotropic etching, the approximately
center portion of the Si substrate 122 is opened, and the
cavity 124 is formed under the SiO, thin film 123. Ac-
cordingly, the surrounding areas of the SiO, thin film 123
are supported by the Si substrate 122, and the approxi-
mately center portion of the SiO, thin film 123 is free from
the Si substrate 122 on the cavity 124, as seen in Fig.
26D. At this time, because the SiO, thin film 123 is not
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etched with etching liquids such as TMAH, a process to
float the SiO, thin film 123 above the Si substrate 122,
can be easily conducted.

[0098] Then, an electrode material is deposited on the
surface of the SiO, thin film 122, preferably by a lift-off
vapor deposition method, to form one excitation elec-
trode 127a, as seen in Fig. 26E. Thereafter, the AIN pi-
ezoelectric thin film 126A is formed on the excitation elec-
trode 127a and the SiO, thin film 123 preferably by re-
active sputtering, as seen in Fig. 26F. At this time, a por-
tion of the excitation electrode 127a is exposed out of
the AIN thin film.

[0099] Furthermore, ZnO is deposited preferably by re-
active sputtering using a metal mask, to form a ZnO pi-
ezoelectric thin film 126Z on the AIN piezoelectric thin
film 126A, as seen in Fig. 26G. The electrode material is
deposited on the ZnO piezoelectric thin film 1262, pref-
erably by a lift-off vapor deposition method, to form the
other excitation electrode 127b, as seen in Fig. 26H.
Thus, the piezoelectric thin film resonator 121, having a
structure shown in Fig. 25, is manufactured.

[0100] Thus, the temperature coefficient of resonant
frequency of ZnO has a negative value, the temperature
coefficient of resonant frequency of AIN and SiO, have
positive values. Therefore, in the piezoelectric thin film
resonator 121, which is formed by uniting the SiO, thin
film support portion 125, the AIN piezoelectric thin film
126A, and the ZnO piezoelectric thin film 126Z, the tem-
perature coefficient of resonant frequency becomes
nearly zero by properly adjusting a film thickness ratio of
the SiO, thinfilm 123, the AIN piezoelectric thin film 126A,
and the ZnO piezoelectric thin film 126Z.

[0101] In conventional piezoelectric thin film resona-
tors, only one thin film composed of the two kinds of thin
films, having temperature coefficients of resonant fre-
guency of differentsignsin order to offset the temperature
coefficients, each other, has been formed from piezoe-
lectric materials. On the other hand, in the piezoelectric
thin film resonator 121 of various preferred embodiments
of the present invention, the ZnO piezoelectric thin film
1267, having a negative temperature coefficients of res-
onantfrequency, and the AIN piezoelectric thin film 126A,
having a positive temperature coefficient of resonant fre-
guency, are both piezoelectric materials, and, therefore,
when an electric signal is applied to both piezoelectric
thin films 126A and 126Z, via the excitation electrodes
127a and 127b, elastic vibrations (thickness mode vibra-
tions) are generated in both piezoelectric thin films 126A
and 126Z. As a result, a very large resonant response is
obtained and very strong resonant characteristics are
achieved.

[0102] Furthermore, because the temperature coeffi-
cient of resonant frequency of SiO, is greater than the
temperature coefficient of resonant frequency of AIN, in
order to offset the temperature coefficient of resonant
frequency of ZnO, by using the SiO, thin film support
portion 125 together, the total film thickness of the pie-
zoelectric laminate 128 and the SiO, thin film support
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portion 125 can be very thin, and the piezoelectric thin
film resonator 121 can be used with high frequencies,
rather than a case in which the AIN piezoelectric thin film
126A is used alone.

[0103] Furthermore, there are three kinds of material
parameters including the SiO, thin film support portion
125 which is an insulator, the AIN piezoelectric thin film
126A, and the ZnO piezoelectric thin film 126Z. Thus, it
is possible to adjust characteristics, other than the tem-
perature coefficients of resonant frequency and the res-
onant characteristics, for example, the electromechani-
cal coefficient, and others, to further increase the design
flexibility.

[0104] Fig. 27 is a sectional view of a piezoelectric thin
film resonator 131 according to a twentieth preferred em-
bodiment of the present invention. In the piezoelectric
thin film resonator 131, a SiO, thin film 123 is disposed
on the upper surface of the Si substrate 122, and the
SiO, thin film 123 is provided preferably by forming a
cavity 124 in the approximately central portion of the Si
substrate 122. Furthermore, a ZnO piezoelectric thin film
1267 is disposed on a SiO, thin film support portion 125,
and an AIN piezoelectric thin film 126A is disposed ther-
eon to define a piezoelectric laminate 128 which includes
the ZnO piezoelectric thin film 126Z and the AIN piezo-
electric thin film 126A, on the SiO, thin film support por-
tion 125. Excitation electrodes 127b and 127a are dis-
posed, respectively, on an upper surface and a lower
surface of the piezoelectric laminate 128 which includes
the AIN piezoelectric thin film 126A and the ZnO piezo-
electric thin film 126Z.

[0105] Because the piezoelectric thin film resonator
131 substantially corresponds to the nineteenth pre-
ferred embodiment, wherein positions of the AIN piezo-
electric thin film 126A and the ZnO piezoelectric thin film
12627 are exchanged with each other, similarly to the nine-
teenth preferred embodiment, the temperature coeffi-
cientofresonant frequency becomes very stable by prop-
erly adjusting each film thickness of the SiO, thin film
support portion 125, the ZnO piezoelectric thin film 1262,
and the AIN piezoelectric thin film 126A. Furthermore,
the ZnO piezoelectric thin film 126Z and the AIN piezo-
electric thin film 126A having opposite polarity tempera-
ture coefficients of resonant frequency are both piezoe-
lectrically vibrated, so that it is possible to make the res-
onant impedance of the piezoelectric thin film resonator
131 large, and to achieve very strong resonant charac-
teristics.

[0106] Itis also similar to the nineteenth preferred em-
bodiment that the etching operation can be performed
easily due to the SiO, thin film support portion 125, the
piezoelectric thin film resonator 131 can be used with
high frequencies due to making the total film thickness
of the piezoelectric laminate 128 and the SiO, thin film
support portion 125 very small, and the design flexibility
is very high because of the increase of material param-
eters.

[0107] Fig. 28 is a sectional view of a piezoelectric thin
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film resonator 132 according to a twenty-first preferred
embodiment of the present invention. In the piezoelectric
thin film resonator 132, a SiO, thin film support portion
125 is disposed on the Si substrate 122. A cavity 124 is
formed in the approximately central portion of the Si sub-
strate 122 by the anisotropic etching, to form the SiO,
thin film support portion 125. An AIN piezoelectric thin
film 126A is disposed on the SiO, thin film support portion
125, a ZnO piezoelectric thin film 126Z is disposed ther-
eon, and a AIN piezoelectric thin film 126A is disposed,
further, thereon to define a piezoelectric laminate 128,
having a three-layer structure, on the SiO, thin film sup-
port portion 125. Then, excitation electrodes 127b and
127a are disposed, respectively, on an upper surface
and a lower surface of a vibration portion including the
piezoelectric laminate 128 which is defined by the AIN
piezoelectric thin film 126A, in an upper layer, the ZnO
piezoelectric thin film 126Z, and the AIN piezoelectric thin
film 126A, in a lower layer.

[0108] In the case in which the piezoelectric thin film
resonator 128, having such a three-layer structure, by
properly adjusting each film thickness ratio of the ZnO
piezoelectric thin film 126Z, having a negative tempera-
ture coefficient of resonant frequency, and the AIN pie-
zoelectric thin film 126A, having a positive temperature
coefficient of resonant frequency, and the SiO, thin film
support portion 125, the temperature coefficient of reso-
nant frequency becomes nearly zero, and temperature
characteristics become very stable.

[0109] Furthermore, the AIN piezoelectric thin film
126A and the ZnO piezoelectric thin film 1262, in the
upper layer and the lower layer held between the excita-
tion electrodes 127a and 127b, are both piezoelectric
materials. Therefore, when an electric signal is applied
to the piezoelectric laminate 128, via the excitation elec-
trodes 127a and 127b, elastic vibrations are generated
in each piezoelectric thin film 126A, 126Z and 126A of
the piezoelectric laminate 128. As a result, a very large
resonant response is obtained and very strong resonant
characteristics are achieved.

[0110] Inthe piezoelectricthinfilmresonator 132, there
are advantages that the etching operation can be per-
formed easily due to the SiO, thin film support portion
125, the piezoelectric thin film resonator 132 can be used
with high frequencies due to making the total film thick-
ness very small, and the design flexibility is very high
because of the increase of material parameters.

[0111] Fig.29is a sectional view of a piezoelectric thin
film resonator 133 according to a twenty-second pre-
ferred embodiment of the present invention. In the pie-
zoelectric thin film resonator 133, a ZnO, thin film 123 is
disposed on the upper surface of the Si substrate 122,
and a cavity 124 is formed in the approximately central
portion of the Si substrate 122 to define the SiO, thin film
support portion 125. A ZnO piezoelectric thin film 1262
is disposed on the SiO, thin film support portion 125, an
AIN piezoelectric thin film 126A is disposed thereon, and
furthermore, a ZnO piezoelectric thin film 126Z is dis-
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posed thereon to define a piezoelectric laminate 128 hav-
ing a three-layer structure, on the SiO, thin film support
portion 125. Then, excitation electrodes 127b and 127a
are provided, respectively, on an upper surface and a
lower surface of the piezoelectric laminate 128, having
a three-layer structure.

[0112] Because the piezoelectric thin film resonator
133 substantially corresponds to the twenty-first pre-
ferred embodiment, wherein, regarding the piezoelectric
thin films 126Z, 126A, and 126Z, constituting the piezo-
electric laminate 128, positions of the AIN piezoelectric
thin film 126A and the ZnO piezoelectric thin film 1262
are exchanged with each other, similarly to the twenty-
first preferred embodiment, the temperature coefficient
of resonant frequency becomes stable by properly ad-
justing each film thickness of the SiO, thin film support
portion 125, and each piezoelectric thin film 126Z, 126A,
and 126Z. Furthermore, each piezoelectric thin film 1262,
126A, and 126Z, constituting the piezoelectric laminate
128, is piezoelectrically vibrated, so that it is possible to
make the resonant impedance of the piezoelectric thin
film resonator 133 large, and to obtain very strong reso-
nant characteristics.

[0113] Itis also similarto other preferred embodiments
that the etching operation can be performed easily due
to the SiO, thin film support portion 125, the piezoelectric
thin film resonator 133 can be used with high frequencies
due to making the total film thickness of the piezoelectric
laminate 128 and the SiO, thin film support portion 125
thin, and the design flexibility is very high due to an in-
crease of material parameters.

[0114] Fig. 30is a sectional view of a piezoelectric thin
film resonator 134 according to a twenty-third preferred
embodiment of the present invention. In the piezoelectric
thin film resonator 134, a SiO, thin film 123 is disposed
on a Si substrate 122. A cavity 124 is formed in the ap-
proximately central portion of the Si substrate 122 pref-
erably by anisotropic etching, to form the SiO, thin film
123. An AIN piezoelectric thin film 126A is disposed on
the SiO, thinfilm support portion 125, a ZnO piezoelectric
thin film 1262 is disposed thereon, to define a piezoelec-
tric laminate 128 including the AIN piezoelectric thin film
126A and the ZnO piezoelectric thin film 126Z, on the
SiO, thin film support portion 125. Then, excitation elec-
trodes 127b and 127a are disposed on an upper surface
and a lower surface of the ZnO piezoelectric thin film
126Z.

[0115] Inthe piezoelectric thin film resonator 134 hav-
ing such a unique structure, by properly adjusting each
film thickness ratio of the thin film support portion 125
made of SiO,, the AIN piezoelectric thin film 126A, and
the ZnO piezoelectric thin film 126Z, the temperature co-
efficient of resonant frequency becomes nearly zero and
temperature characteristics become very stable.

[0116] In the piezoelectric thin film resonator 134, be-
cause the ZnO piezoelectric thin film 1267 is held be-
tween the excitation electrodes 127a and 127b, when an
electric signal is applied to the ZnO piezoelectric thin film
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126Z, via the excitation electrodes 127a and 127b, an
elastic vibration (thickness mode vibration) is generated
in the ZnO piezoelectric thin film 126Z. As aresult, a very
large resonant response can be obtained and very strong
resonant characteristics are achieved. On the other
hand, the AIN piezoelectric thin film 126A is located not
between the excitation electrodes 127a and 127b. How-
ever, since AIN is a piezoelectric material, when a signal
voltage is applied to the excitation electrodes 127a and
127D, the AIN piezoelectric thin film 126A is also supplied
with a voltage, by dielectric polarization, to contribute to
the improvement of resonant characteristics of the pie-
zoelectric thin film resonator 134.

[0117] Itis also similarto other preferred embodiments
that the etching operation can be performed easily due
to the SiO, thin film support portion 125, the piezoelectric
thin film resonator 134 can be used with high frequencies
due to the very small total film thickness of the piezoe-
lectric laminate 128 and the SiO, thin film support portion
125, and the design flexibility is very high due to an in-
crease of material parameters.

[0118] Fig. 31is asectional view of a piezoelectric thin
film resonator 135 according to a twenty-fourth preferred
embodiment of the present invention. In the piezoelectric
thin film resonator 135, having a similar arrangement of
the SiO, thin film support portion 125, and the piezoe-
lectric laminate 128 as in the twenty-third preferred em-
bodiment (Fig. 30), excitation electrodes 127b and 127a
are disposed, respectively, on an upper surface and a
lower surface of the AIN piezoelectric thin film 126A.
[0119] Inthe piezoelectric thin film resonator 135, hav-
ing such a structure, the temperature coefficient of res-
onant frequency becomes nearly zero, and temperature
characteristics become very stable. The ZnO piezoelec-
tric thin film 126Z is not located between the excitation
electrodes 127a and 127b. However, since ZnO is a pi-
ezoelectric material, when a signal voltage is applied to
the excitation electrodes 127a and 127b, the ZnO piezo-
electric thin film 126Z is also supplied with a voltage, by
dielectric polarization, to contribute to the improvement
of resonant characteristics of the piezoelectric thin film
resonator 135.

[0120] Furthermore, the piezoelectric thin film resona-
tor 135, wherein the SiO, thin film 123 is disposed, sim-
ilarly to the piezoelectric thin film resonator 134 according
to a twenty-third preferred embodiment, has advantages
that the etching operation of the Si substrate 122 can be
performed easily, the design flexibility is very high, and
it is possible to be used with high frequencies.

[0121] Fig. 32is a sectional view of a piezoelectric thin
film resonator 136 according to a twenty-fifth preferred
embodiment of the present invention. In the piezoelectric
thin film resonator 136, a SiO, thin film 123 is disposed
on a Si substrate 122. A cavity 124 is formed in the ap-
proximately central portion of the Si substrate 122 pref-
erably by anisotropic etching, to form the SiO, thin film
123. A ZnO piezoelectric thin film 126Z is disposed on
the SiO, thin film support portion 125, an AIN piezoelec-
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tric thin film 126A is disposed thereon, to define a piezo-
electric laminate 128 including the ZnO piezoelectric thin
film 126Z and the AIN piezoelectric thin film 126A, on the
thin film support portion 125. Then, excitation electrodes
127b and 127a are disposed on an upper surface and a
lower surface of the AIN piezoelectric thin film 126A.
[0122] Inthe piezoelectric thin film resonator 136 hav-
ing such a unique structure, by properly adjusting each
film thickness ratio of the thin film support portion 125
made of SiO,, the ZnO piezoelectric thin film 126Z, and
the AIN piezoelectric thin film 126A, the temperature co-
efficient of resonant frequency becomes nearly zero, and
temperature characteristics become very stable.

[0123] In the piezoelectric thin film resonator 136, be-
causethe AIN piezoelectric thin film 126A is held between
the excitation electrodes 127aand 127b, when an electric
signal is applied to the AIN piezoelectric thin film 126A,
via the excitation electrodes 127a and 127b, an elastic
vibration is generated in the AIN piezoelectric thin film
126A. As a result, a very large resonant response is ob-
tained and very strong resonant characteristics are real-
ized. On the other hand, the ZnO piezoelectric thin film
1262 is located not between the excitation electrodes
127a and 127b. However, since ZnO is a piezoelectric
material, when a signal voltage is applied to the excitation
electrodes 127aand 127b, the ZnO piezoelectric thin film
1267 is also applied with a voltage, by dielectric polari-
zation, to contribute to the improvement of resonant char-
acteristics of the piezoelectric thin film resonator 136.
[0124] Itis also similarto other preferred embodiments
that the etching operation can be performed easily due
to the SiO, thin film support portion 125, the piezoelectric
thin film resonator 136 can be used with high frequencies
due to very small total film thickness of the piezoelectric
laminate 128 and the SiO, thin film support portion 125,
and the design flexibility is very high due to an increase
of material parameters.

[0125] Fig. 33 is a sectional view of a piezoelectric thin
film resonator 137 according to a preferred twenty-sixth
embodiment of the present invention. In the piezoelectric
thin film resonator 137, having a similar arrangement of
the SiO, thin film support portion 125, and the piezoe-
lectric laminate 128 as in the twenty-fifth preferred em-
bodiment (Fig. 32), excitation electrodes 127b and 127a
are disposed, respectively, on an upper surface and a
lower surface of the ZnO piezoelectric thin film 126Z.
[0126] Inthe piezoelectric thin film resonator 137, hav-
ing such a structure, the temperature coefficient of res-
onant frequency becomes nearly zero, and temperature
characteristics become stable. The AIN piezoelectric thin
film 126Ais notlocated between the excitation electrodes
127a and 127b. However, since AIN is a piezoelectric
material, when a signal voltage is applied to the excitation
electrodes 127a and 127b, the AIN piezoelectric thin film
126A is also applied with a voltage, by dielectric polari-
zation, to contribute to the improvement of resonant char-
acteristics of the piezoelectric thin film resonator 137.
[0127] Furthermore, the piezoelectric thin film resona-
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tor 137, wherein the thin film is formed from the SiO,, thin
film 123, similarly to the piezoelectric thin film resonator
136 according to a twenty-fifth preferred embodiment,
has advantages that the etching operation of the Si sub-
strate 122 can be performed easily, the design flexibility
is very high, and it is possible to be used with high fre-
guencies.

[0128] Fig. 34 is a sectional view of a piezoelectric thin
film resonator 138 according to a twenty-seventh pre-
ferred embodiment of the present invention. In the pie-
zoelectric thin film resonator 138, a SiO, thin film 123 is
disposed on a Si substrate 122. A cavity 124 is formed
in the approximately central portion of the Si substrate
122 preferably by anisotropic etching, to form the SiO,
thin film 123. An AIN piezoelectric thin film 126A is dis-
posed on the SiO, thin film support portion 125, a ZnO
piezoelectric thin film 126Z is disposed thereon, and, fur-
thermore, a AIN piezoelectric thin film 126A is disposed
thereon, to define a piezoelectric laminate 128 including
the AIN piezoelectric thin film 126A, in a lower layer, the
ZnO piezoelectric thin film 1262, and the AIN piezoelec-
tric thin film 126A, in an upper layer, on the thin film sup-
port portion 125. Then, excitation electrodes 127b and
127a are disposed, respectively, on an upper surface of
the AIN piezoelectric thin film 126A, in an upper layer,
and on a lower surface of the ZnO piezoelectric thin film
126Z.

[0129] Inthe piezoelectric thin film resonator 138 hav-
ing such a unique structure, by properly adjusting each
film thickness ratio of the SiO, thin film support portion
125, the AIN piezoelectric thin film 126A, in the upper
layer, and the ZnO piezoelectric thin film 1262, the tem-
perature coefficient of resonant frequency becomes
nearly zero, and temperature characteristics become
very stable.

[0130] In the piezoelectric thin film resonator 138, be-
cause the AIN piezoelectric thin film 126A, in the upper
layer, and the ZnO piezoelectric thin film 126Z is held
between the excitation electrodes 127a and 127b, when
an electric signal is applied to the AIN piezoelectric thin
film 126A, in the upper layer, and the ZnO piezoelectric
thin film 126Z, via the excitation electrodes 127a and
127b, elastic vibrations are generated in the AIN piezo-
electric thin film 126A, in the upper layer, and the ZnO
piezoelectric thin film 126Z. As a result, a very large res-
onant response is obtained and very strong resonant
characteristics are realized. On the other hand, the AIN
piezoelectric thin film 126A, in the lower layer, is located
not between the excitation electrodes 127a and 127b.
However, when a signal voltage is applied to the excita-
tion electrodes 127a and 127b, the AIN piezoelectric thin
film 126A, in the lower layer, is also supplied with a volt-
age, by dielectric polarization, to contribute to the im-
provement of resonant characteristics of the piezoelec-
tric thin film resonator 138.

[0131] Furthermore, the etching operation can be per-
formed easily due to the SiO, thin film support portion
125. Also, the piezoelectric thin film resonator 138 can
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be used with high frequencies due to the very small total
film thickness of the piezoelectric laminate 128 and the
SiO, thin film support portion 125, and the design flexi-
bility is very high due to an increase of material param-
eters.

[0132] Fig. 35is a sectional view of a piezoelectric thin
film resonator 139 according to a twenty-eighth preferred
embodiment of the present invention. In the piezoelectric
thin film resonator 139, having a similar arrangement of
the thin film support portion 125, and the piezoelectric
laminate 128 as in the twenty-seventh preferred embod-
iment (Fig. 34), excitation electrodes 127b and 127a are
disposed, respectively, on an upper surface of the ZnO
piezoelectric thin film 126Z and a lower surface of the
AIN piezoelectric thin film 126A, in the lower layer.
[0133] Inthe piezoelectric thin film resonator 139 hav-
ing such a unique structure, the temperature coefficient
of resonant frequency becomes nearly zero, and tem-
perature characteristics become stable. The AIN piezo-
electric thin film 126A, in the upper layer, is not located
between the excitation electrodes 127a and 127b. How-
ever, when a signal voltage is applied to the excitation
electrodes 127a and 127b, the AIN piezoelectric thin film
126A is also supplied with a voltage, by dielectric polar-
ization, to contribute to the improvement of resonant
characteristics of the piezoelectric thin film resonator
139.

[0134] Furthermore, the piezoelectric thin film resona-
tor 139 having the thin film is formed from the SiO, thin
film 123, similarly to the piezoelectric thin film resonator
138 according to a twenty-seventh preferred embodi-
ment, achieves the advantages including the etching op-
eration of the Si substrate 122 being performed easily,
very high design flexibility, using the resonator with high
frequencies.

[0135] Fig. 36 is a sectional view of a piezoelectric thin
film resonator 140 according to a twenty-ninth preferred
embodiment of the present invention. In the piezoelectric
thin film resonator 140, having a similar arrangement of
the SiO, thin film support portion 125, and the piezoe-
lectric laminate 128 as in the twenty-seventh preferred
embodiment (Fig. 34), excitation electrodes 127b and
127a are disposed on an upper surface and a lower sur-
face of the ZnO piezoelectric thin film 126Z.

[0136] Inthe piezoelectric thin film resonator 140 hav-
ing such a unique structure, the temperature coefficient
of resonant frequency becomes nearly zero, and tem-
perature characteristics become stable. Both the AIN pi-
ezoelectric thin film 126A, and 126A, in the upper layer
and in the lower layer, are not located between the exci-
tation electrodes 127aand 127b. However, when a signal
voltage is applied to the excitation electrodes 127a and
127b, the upper and lower AIN piezoelectric thin films
126A are also supplied with a voltage, by dielectric po-
larization, to contribute to the improvement of resonant
characteristics of the piezoelectric thin film resonator
140.

[0137] Furthermore, the piezoelectric thin film resona-
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tor 140 having the lowest thin film formed from the Si0,
thin film 123, has advantages that the etching operation
of the Si substrate 122 can be performed easily, the de-
sign flexibility is very high, and it is possible to be used
with high frequencies.

[0138] This preferred embodiment holds only one pi-
ezoelectric layer between the excitation electrodes 127a
and 127b, and, in the figure, only the ZnO piezoelectric
thin film 126Z is held between the excitation electrodes
127a and 127b, it is possible to hold only the AIN piezo-
electric thin film 126A between the excitation electrodes
127a and 127b.

[0139] Fig. 37 is a sectional view of a piezoelectric thin
film resonator 141 according to a thirtieth preferred em-
bodiment of the present invention. In the piezoelectric
thin film resonator 141, a SiO, thin film 123 is disposed
on a Si substrate 122. A cavity 124 is formed in the ap-
proximately central portion of the Si substrate 122 pref-
erably by anisotropic etching, to form the SiO, thin film
123. A ZnO piezoelectric thin film 126z is disposed on
the SiO, thin film support portion 125, an AIN piezoelec-
tric thin film 126A is disposed thereon, and, furthermore,
a ZnO piezoelectric thin film 126Z is disposed thereon,
to define a piezoelectric laminate 128 including the ZnO
piezoelectric thin film 126Z, in a lower layer, the AIN pi-
ezoelectric thin film 126A, and the ZnO piezoelectric thin
film 1262, in an upper layer, on the thin film support por-
tion 125. Then, excitation electrodes 127b and 127a are
disposed, respectively, on an upper surface of the ZnO
piezoelectric thin film 1262, in the upper layer, and on a
lower surface of the AIN piezoelectric thin film 126A.
[0140] Inthe piezoelectric thin film resonator 141 hav-
ing such a unique structure, by properly adjusting each
film thickness ratio of the SiO, thin film support portion
125, the ZnO piezoelectric thin film 126Z, in the lower
layer, the AIN piezoelectric thin film 126A, and the ZnO
piezoelectric thin film 1262, in the upper layer, the tem-
perature coefficient of resonant frequency becomes
nearly zero and temperature characteristics become sta-
ble.

[0141] In the piezoelectric thin film resonator 141, be-
cause the ZnO piezoelectric thin film 126Z, in the upper
layer, and the AIN piezoelectric thin film 126A is held
between the excitation electrodes 127a and 127b, when
an electric signal is applied to the ZnO piezoelectric thin
film 126Z, in the upper layer, and the AIN piezoelectric
thin film 126A, via the excitation electrodes 127a and
127b, elastic vibrations are generated in the ZnO piezo-
electric thin film 126z, in the upper layer, and the AIN
piezoelectric thin film 126A. As a result, a very large res-
onant response is obtained and very strong resonant
characteristics are achieved. On the other hand, the ZnO
piezoelectric thin film 126Z, in the lower layer, is not lo-
cated between the excitation electrodes 127a and 127b.
However, since ZnO is a piezoelectric material, when a
signal voltage is applied to the excitation electrodes 127a
and 127b, the ZnO piezoelectric thin film 126Z, in the
upper layer, is also supplied with a voltage, by dielectric
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polarization, to contribute to the improvement of resonant
characteristics of the piezoelectric thin film resonator
141.

[0142] Furthermore, the etching operation can be per-
formed easily due to the SiO, thin film support portion
125, the piezoelectric thin film resonator 141 can be used
with high frequencies due to the very small total film thick-
ness of the piezoelectric laminate 128 and the SiO, thin
film support portion 125 thin, and the design flexibility is
very high due to an increase of material parameters.
[0143] Fig. 38is a sectional view of a piezoelectric thin
film resonator 142 according to a thirty-first preferred em-
bodiment of the present invention. In the piezoelectric
thin film resonator 142, having a similar arrangement of
the thin film support portion 125, and the piezoelectric
laminate 128 as in the thirtieth preferred embodiment
(Fig. 37), excitation electrodes 127b and 127a are dis-
posed, respectively, on an upper surface of the AIN pie-
zoelectric thin film 126A and a lower surface of the ZnO
piezoelectric thin film 1262, in the lower layer.

[0144] Inthe piezoelectric thin film resonator 142 hav-
ing such a unique structure, the temperature coefficient
of resonant frequency becomes nearly zero, and tem-
perature characteristics become stable. The ZnO piezo-
electric thin film 126Z, in the upper layer, is not located
between the excitation electrodes 127a and 127b. How-
ever, when a signal voltage is applied to the excitation
electrodes 127aand 127b, the ZnO piezoelectric thin film
1262 is also supplied with a voltage, by dielectric polar-
ization, to contribute to the improvement of resonant
characteristics of the piezoelectric thin film resonator
142.

[0145] Furthermore, the piezoelectric thin film resona-
tor 142, wherein the SiO, thin film 123 is formed, similarly
to the piezoelectric thin film resonator 141 according to
a thirtieth preferred embodiment, has advantages that
the etching operation of the Si substrate 122 can be per-
formed easily, the design flexibility is very high, and it is
possible to be used with high frequencies.

[0146] Fig. 39 is a sectional view of a piezoelectric thin
film resonator 143 according to a thirty-second preferred
embodiment of the present invention. In the piezoelectric
thin film resonator 143, having a same arrangement of
the SiO, thin film support portion 125, and the piezoe-
lectric laminate 128 as in the thirtieth preferred embodi-
ment (Fig. 37), excitation electrodes 127b and 127a are
disposed on an upper surface and a lower surface of the
AIN piezoelectric thin film 126A.

[0147] Inthe piezoelectric thin film resonator 143, hav-
ing such a structure, the temperature coefficient of res-
onant frequency becomes nearly zero and temperature
characteristics become stable. Both the ZnO piezoelec-
tric thin films 126Z, in the upper layer and lower layer,
are not located between the excitation electrodes 127a
and 127b. However, when a signal voltage is applied to
the excitation electrodes 127a and 127b, the upper and
lower ZnO piezoelectric thin films 126Z are also supplied
with a voltage, by dielectric polarization, to contribute to
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the improvement of resonant characteristics of the pie-
zoelectric thin film resonator 143.

[0148] Furthermore, the piezoelectric thin film resona-
tor 143, wherein the SiO, thin film 123 is provided, has
advantages that the etching operation of the Si substrate
122 can be performed easily, the design flexibility is very
high, and it is possible to be used with high frequencies.
[0149] This preferred embodiment holds only one pi-
ezoelectric layer between the excitation electrodes 127a
and 127b, and, in Fig. 39, only the AIN piezoelectric thin
film 126A is held between the excitation electrodes 127a
and 127b. It is possible to hold only the upper or lower
piezoelectric thin film 126Z between the excitation elec-
trodes 127a and 127b.

[0150] Fig. 40is a sectional view of a piezoelectric thin
film resonator 144 according to a thirty-third preferred
embodiment of the present invention. In the piezoelectric
thin film resonator 144, a SiO, thin film 123 is disposed
on a Si substrate 122. A cavity 124 is formed in the ap-
proximately central portion of the Si substrate 122 pref-
erably by anisotropic etching, to form the SiO, thin film
support portion 125 from the SiO, thin film 123. A ZnO
piezoelectric thin film 126z is disposed on the SiO, thin
film support portion 125, an AIN piezoelectric thin film
126A is disposed thereon, and, furthermore, a ZnO pie-
zoelectric thin film 1262 is disposed thereon, to define a
piezoelectric laminate 128 including the ZnO piezoelec-
tric thin film 1262, in a lower layer, the AIN piezoelectric
thin film 126A, and the ZnO piezoelectric thin film 1262,
in an upper layer, on the thin film support portion 125.
Then, excitation electrodes 127a are disposed, respec-
tively, on a boundary of the ZnO piezoelectric thin film
1267, in the upper layer, and the AIN piezoelectric thin
film 126A, and on alower surface of the ZnO piezoelectric
thin film 1262, in the lower layer, and are arranged to be
continuous with each other. Excitation electrodes 127b
are disposed, respectively, on the upper surface of the
ZnO piezoelectric thin film 126Z, in the upper layer, and
on a boundary of the AIN piezoelectric thin film 126A and
the ZnO piezoelectric thin film 126Z, in the lower layer,
and are arranged to be continuous with each other.
[0151] Inthe piezoelectric thin film resonator 144 hav-
ing such a unique structure, the ZnO piezoelectric thin
film 1262, in the upper layer, the AIN piezoelectric thin
film 126A, and the ZnO piezoelectric thin film 126Z, in
the lower layer, are connected in parallel. Therefore,
when an electric signal is applied to each piezoelectric
thin film 126A and 126Z, via the excitation electrodes
127a and 127b, elastic vibrations are generated in all
piezoelectric thinfilms 126Z, 126A, and 126Z. As aresult,
a very large resonant response is obtained and very
strong resonant characteristics are achieved.

[0152] Inthe laminate having such a three-layer struc-
ture, by properly adjusting each film thickness ratio of the
thin film support portion 125, the ZnO piezoelectric thin
film 126Z, in the lower layer, the AIN piezoelectric thin
film 126A, and the ZnO piezoelectric thin film 126Z, in
the upper layer, the temperature coefficient of resonant
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frequency becomes nearly zero, and temperature char-
acteristics become very stable.

[0153] Furthermore, the piezoelectric thin film resona-
tor 144 having such a unique structure, wherein the low-
est thin film is formed from the SiO, thin film 123, has
advantages that the etching operation of the Si substrate
122 can be performed easily, the design flexibility is very
high, and it is possible to be used with high frequencies.
[0154] The preferred embodiment, explained here, is
one example, and, of course, in the piezoelectric lami-
nate, having other arrangements, the excitation elec-
trodes 127a and 127b may be arranged to have three
layers or more.

[0155] Fig. 41 is a sectional view of a piezoelectric thin
film resonator 1151 according to a thirty-fourth preferred
embodiment of the present invention. This is the piezo-
electric thin film resonator 1151, having an air bridge con-
struction. A thin film support portion 154 made of SiO,,
is disposed on a glass substrate 152, via an air gap 153,
and a piezoelectric laminate 156 made of an AIN piezo-
electric thin film 155A and a ZnO piezoelectric thin film
15527, is disposed on the thin film support portion 154.
Then, excitation electrodes 157b and 157a are disposed
on an upper surface and a lower surface of the piezoe-
lectric laminate 156 including the ZnO piezoelectric thin
film 155Z and the AIN piezoelectric thin film 155A.
[0156] Thus, excitation electrodes 157b and 157a are
disposed on both sides of a vibration portion defined by
the ZnO piezoelectric thin film 155Z and the AIN piezo-
electric thin film 155A, and when an electric signal is ap-
plied, thickness mode vibrations are generated.

[0157] Figs. 42Ato 42G are figures illustrating a meth-
od of manufacturing of the aforementioned piezoelectric
thin film resonator 151. A sacrifice layer 158, preferably
made of ZnO, is formed, preferably by sputtering, on a
glass substrate 152, and the sacrifice layer 158 is etched
leaving behind a portion corresponding to an air gap 153,
as shown in Fig. 42A. Then, the thin film support portion
154 is formed from SiO, on the sacrifice layer 158 by
reactive sputtering method, as seen in Fig. 42B.

[0158] Thereafter, the excitation electrode 157a is
formed from Al preferably by a lift-off vapor deposition
method, on the thin film support portion 154, as seen in
Fig. 42C. The piezoelectric thin film 155A made of AIN,
is disposed on the thin film support portion 154 and the
excitation electrode 157a preferably by reactive sputter-
ing method, as seen in Fig. 42D.

[0159] The sacrifice layer 158 is etched with an aque-
ous solution of acetic acid, and the air gap 153 is located
on the lower surface of the thin film support portion 154
to float the thin film support portion 154 above an upper
surface of glass substrate 152, as seen in Fig. 42E. At
this time, because the thin film support portion 154 made
of SiO,, is not etched with etching liquids such as
CH3;COOH, aprocess, tofloat the thin film support portion
154 above the glass substrate 152, can be easily con-
ducted, as seen in Fig. 42F. The sacrifice layer 158 may
be removed, by etching, before formation of the AIN pi-
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ezoelectric thin film 155A.

[0160] Then, the ZnO piezoelectric thin film 155Z is
disposed on the upper surface of the AIN piezoelectric
thin film 155A by the sputtering method, as seen in Fig.
42F, the excitation electrode 157b is formed on the ZnO
piezoelectric thin film 155Z by the vacuum evaporation
method using a metal mask, as seen in Fig. 42G. Thus,
the piezoelectric thin film resonator 151 having a floating
construction, shown in Fig. 41, is manufactured.

[0161] The temperature coefficient of resonant fre-
guency of ZnO has a negative value, the temperature
coefficient of resonant frequency of AIN has a positive
value. Therefore, in the piezoelectric thin film resonator
151, wherein the AIN piezoelectric thin film 155A and the
ZnO piezoelectric thin film 155Z are disposed on the thin
film support portion 154, having a floating construction,
the temperature coefficient of resonant frequency be-
comes nearly zero by properly adjusting a film thickness
ratio of the thin film support portion 154, the ZnO piezo-
electric thin film 1552, and the AIN piezoelectric thin film
155A.

[0162] Furthermore, in the piezoelectric thin film reso-
nator 151, because the ZnO piezoelectric thin film 155Z
and the AIN piezoelectric thin film 155A are both piezo-
electric materials, when an electric signal is applied to
the ZnO piezoelectric thin film 155Z and the AIN piezo-
electric thin film 155A, via the excitation electrodes 157a
and 157D, elastic vibrations are generated in both piezo-
electric thin films 155A and 155Z. As aresult, a very large
resonant response is obtained and very strong resonant
characteristics are realized.

[0163] Because the temperature coefficient of reso-
nant frequency of SiO, is greater than the temperature
coefficient of resonant frequency of AIN, in order to offset
the temperature coefficient of resonant frequency of ZnO,
by using the SiO, thin film support portion 154 together,
a total film thickness of the piezoelectric laminate 156
and the SiO, thin film support portion 154 can be very
small, and the piezoelectric thin film resonator 151 can
be used with high frequencies, rather than a case in which
the AIN piezoelectric thin film 155A is used alone.
[0164] Furthermore, since there are three material pa-
rameters, i.e., the SiO, thin film support portion 154 being
an insulator, the AIN piezoelectric thin film 155A, and the
ZnO piezoelectric thin film 155Z, it becomes possible to
adjust characteristics, other than the temperature coef-
ficients of resonant frequency and the resonant charac-
teristics, for example, the electromechanical coefficient,
and others, so as to make the design flexibility high.
[0165] According to the piezoelectric thin film resona-
tor 151 having such a unique floating construction, as it
is not necessary to remove by the etching, the lower sur-
face of the substrate 152, there is an advantage that it is
not necessary to limit the substrates of specialized ma-
terials such as a glass substrate.

[0166] Also, inthe piezoelectric thin film resonator 151
according to this preferred embodiment, ZnO and AIN
may be exchanged with each other, the ZnO piezoelectric
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thin film 155Z may be disposed on the thin film support
portion 154, and the AIN piezoelectric thin film 155A may
be disposed thereon.

[0167] Various preferred embodiments, relating to di-
aphragm type piezoelectric thin film resonators, have
been explained above. With respect to piezoelectric thin
film resonators having floating construction, various oth-
er preferred embodiments, such as a resonator wherein
more than three layers are provided on a thin film support
portion, a resonator wherein only a portion of a thin film,
constituting a piezoelectric laminate, is held between ex-
citation electrodes, and a resonator wherein a combina-
tion of piezoelectric materials are changed, are possible.
[0168] For example, Fig. 43 is a sectional view of a
piezoelectric thin film resonator 159 according to a thirty-
fifth preferred embodiment of the present invention,
showing a different preferred embodiment of the piezo-
electric thin film resonator 159, having a floating con-
struction. In the piezoelectric thin film resonator 159, a
SiO, thin film support portion 154, having a floating con-
struction, is disposed on a glass substrate 152 via an air
gap 153, a AIN piezoelectric thin film 155A is disposed
on the thin film support portion 154, and a ZnO piezoe-
lectric thin film 1557 is disposed thereon. Then excitation
electrodes 157b and 157a are disposed on an upper sur-
face and a lower surface of the ZnO piezoelectric thin
film 155Z.

[0169] In the piezoelectric thin film resonator 159, be-
cause the ZnO piezoelectric thin film 155Z is held be-
tween the excitation electrodes 157a and 157b, when an
electric signal is applied to the ZnO piezoelectric thin film
1557, via the excitation electrodes 157a and 157b, an
elastic vibration is generated in the ZnO piezoelectric thin
film 155Z. As a result, a resonant response is achieved.
On the other hand, the AIN piezoelectric thin film 155A
is not located between the excitation electrodes 157a
and 157b. However, when a signal voltage is applied to
the excitation electrodes 157a and 157b, the AIN piezo-
electric thin film 155A is also supplied with a voltage, by
dielectric polarization, to improve resonant characteris-
tics of the piezoelectric thin film resonator 159.

[0170] Therefore, inthis preferred embodiment, the pi-
ezoelectric thin film resonator 159 achieves very stable
temperature characteristics of resonant frequency and
very strong resonant characteristics.

[0171] Furthermore, the piezoelectric thin film resona-
tor 159, having such a unique structure, similarly to the
thirty-fourth preferred embodiment, has advantages that
the design flexibility is very high, and it is possible to be
used with high frequencies.

[0172] Fig. 44 is a sectional view, illustrating a struc-
ture, of a piezoelectric thin film resonator 160 according
to a thirty-sixth preferred embodiment of the present in-
vention. In this preferred embodiment, a cavity 124 is
formed on an upper surface of the Si substrate 122, by
etching the upper surface of the Si substrate 122, and a
SiO, film 123 (a thin film support portion 125) as an in-
sulator film, an excitation electrode 127a, an AIN piezo-



35 EP 1100 196 B1

electric thin film 126A, a ZnO piezoelectric thin film 1262,
and an excitation electrode 127b are disposed on the Si
substrate 122. A SiO, film 129 is disposed on a lower
surface of the Si substrate 122. A manufacturing proce-
dure is as follows. After forming the SiO, film 123 on the
Si substrate 122, an etching liquid is injected into the
upper surface of the Si substrate 122 through an opening
provided in the SiO, film 123, to form the cavity 124 by
etching a portion of the Si substrate 122, under the open-
ing of the SiO, film 123. Then the excitation electrode
127a, the AIN piezoelectric thin film 126A, the ZnO pie-
zoelectric thin film 126Z, and the excitation electrode
126b are formed, in order, on the SiO, film 123.

[0173] This preferred embodiment corresponds to the
resonator according to the nineteenth preferred embod-
iment, wherein the cavity 124 is not formed from the lower
surface of the substrate, but from the surface of the sub-
strate. Such a piezoelectric resonator 130 achieves ad-
vantages similar to the nineteenth preferred embodi-
ment. Furthermore, in this preferred embodiment, ac-
cording to combinations of piezoelectric films and elec-
trodes, other preferred embodiments corresponding to
the twentieth preferred embodiment to the thirty-fourth
preferred embodiment, are possible.

[0174] Figs. 45A to 45C are circuit diagrams showing
filters 72 to 74 according to the present preferred em-
bodiment. The filters 72 to 74 includes two or more pie-
zoelectric resonators 71 according to any of the first to
thirty-sixth preferred embodiments, and the piezoelectric
resonators 71 are connected to define a ladder circuit.
[0175] More specifically, in the filter 72 shown in Fig.
45A, one piezoelectric filter 71 is connected between an
input terminal and an output terminal to define a series
arm and another piezoelectric resonator 71 is connected
between the series arm and a ground level, thereby de-
fining an L-type ladder filter.

[0176] In the filter 73 shown in Fig. 45B, two piezoe-
lectric resonators 71 are connected in series between an
input terminal and an output terminal to define a series
arm and another piezoelectric resonator 71 is connected
between the series arm and aground level, thereby de-
fining a T type ladder filter.

[0177] In the filter 74 shown in Fig. 45C, one piezoe-
lectric filter 71 is connected between an input terminal
and an output terminal to define a series arm and other
two piezoelectric resonator 71 are connected between
the series arm and a ground level, thereby defining a 1t
type ladder filter.

[0178] The filters 72 to 74 have excellent temperature
characteristics as the resonators 71 have a stable tem-
perature characteristic of a resonant frequency. In the
case where the resonator 71 according to the nineteenth
to thirty-sixth preferred embodiments are included in the
filters 72 to 74, the filters 72 to 74 easily endure external
forces that have high mechanical strength.

[0179] Itis noted that the piezoelectric resonators and
filters according to the preferred embodiment can be ap-
plied to various electronic apparatus such as a cellular
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phones, personal computers, and so on.

[0180] Inthe aforementioned preferred embodiments,
resonators using piezoelectric materials, combining the
ZnO and the AIN, are explained. In addition to this, com-
binations of piezoelectric materials, having negative tem-
perature coefficients of resonant frequency, such as
ZnO, LiNbO,, LiTaOjz and PbZrXTi(l_X)OS, wherein
0<x<0.152, and piezoelectric materials, having positive
temperature coefficients of resonant frequency, such as
AIN, and PbZr, Ti(1 4 O3, wherein 0.54<x<1 may be used.
The lowest thin film and thin film support portion may be
formed from SiN or other suitable material.

[0181] While preferred embodiments of the invention
have been disclosed, various modes of carrying out the
principles disclosed herein are contemplated as being
within the scope of the following claims. Therefore, it is
understood that the scope of the invention is not to be
limited except as otherwise set forth in the claims.

Claims
1. A piezoelectric resonator comprising:

a laminated structure including a piezoelectric
laminate comprising at least one first piezoelec-
tric layer (23A, 25A; 126A) which has a positive
temperature coefficient of a resonant frequency
and at least one second piezoelectric layer (232,
257; 126Z) which has a negative temperature
coefficient of a resonant frequency;

at least a pair of electrodes (26a, 26b; 127a,
127b) interposing at least one of the first and
second piezoelectric layers; and

a substrate (22, 122) supporting the laminated
structure and holding a portion (27, 125) of the
laminated structure such that the holding portion
(27, 125) vibrates by applying a voltage across
the pair of electrodes (26a, 26b; 127a,127b),

wherein all the layers of the piezoelectric laminate
except the electrodes (26a, 26b; 127a,127b) are
made of piezoelectric materials.

2. A piezoelectric resonator according to claim 1,
wherein the pair of electrodes (26a, 26b) interpose
the at least one first piezoelectric layer (23A,25A)
and the at least one second piezoelectric layer (232,
257).

3. A piezoelectric resonator according to claim 1,
wherein the atleast one first piezoelectric layer (23A.
25A) includes as a primary component one of AIN
and PbZr,Ti;_, O3 (0.54=x<1).

4. A piezoelectric resonator according to claim 1,
wherein the at least one second piezoelectric layer
(21Z.252) includes as a primary component one pi-
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ezoelectric material selected from the group consist-
ing of ZnO, LiNbO3, LiTaO3, and PbZr,Tig , O3
(0=x<0.52).

A piezoelectric resonator according to claim 1,

wherein a thickness of the at least one first piezoe-
lectric layer (23A,25A) and a thickness of the at least
one second piezoelectric layer (23Z,25Z) are such
that a temperature coefficient of a resonant frequen-
cy of the piezoelectric laminate is substantially zero.

A piezoelectric resonator according to claim 1,
wherein the substrate (22) has a frame shape having
an opening (24), and the holding portion (27) of the
laminated structure is positioned above the opening
(24).

A piezoelectric resonator according to claim 1,
wherein the laminated structure has an air-bridge
structure in which the holding portion (44A) of the
laminated structure is spaced apart from the sub-
strate (42):

A piezoelectric resonator according to claim 1,
wherein the piezoelectric laminate includes an addi-
tional first piezoelectric layer (23A), the additional
first piezoelectric layer (23A) and the at least one
first piezoelectric layer (25A) have substantially the
same thickness and interpose the at least second
piezoelectric layer (25Z).

A piezoelectric resonator according to claim 1,
wherein the piezoelectric laminate includes an addi-
tional second piezoelectric layer (23Z), the additional
second piezoelectric layer and the at least one sec-
ond piezoelectric layer (25Z) have substantially the
same thickness and interpose the at least first pie-
zoelectric layer (25A).

A piezoelectric resonator according to claim 1,
wherein the laminated structure includes an insulat-
ing layer (123) between the substrate (122) and the
piezoelectric laminate.

A piezoelectric resonator according to claim 10,
whereinthe pair of electrodes (127a, 127b) interpose
the at least one first piezoelectric layer (126A) and
the at least one second piezoelectric layer (1262).

A piezoelectric resonator according to claim 10,
wherein the at least one first piezoelectric layer
(126A) includes as a primary component one of AIN
and PbZr,Ti;_,)O3 (0.54=x<1).

A piezoelectric resonator according to claim 10,

wherein the at least one second piezoelectric layer
(1262) includes as a primary component, one pie-
zoelectric material selected from the group consist-
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ing of ZnO, LiNbOg, LiTaO3, and PbZrXTi(l_X)O3
(0=x<0.52).

A piezoelectric resonator according to claim 10,
wherein a thickness of the at least one first piezoe-
lectric layer (126A), a thickness of the at least one
second piezoelectric layer (126Z) and a thickness of
theinsulating layer (123) are such that atemperature
coefficient of a resonant frequency of the piezoelec-
tric laminate is substantially zero.

A piezoelectric resonator according to claim 10,
wherein the substrate (122) has a frame shape hav-
ing an opening (124), and the holding portion (125)
of the laminated structure is positioned above the
opening.

A piezoelectric resonator according to claim 10,
wherein the laminated structure has an air-bridge
structure in which the holding portion (154) of the
laminated structure is spaced apart from the sub-
strates (152).

Afilter comprising first and second piezoelectric res-
onators (71) each according to claim 1, an output
terminal and an input terminal,

whereinthe first piezoelectric resonator is connected
between the input terminal and the output terminal
to define a series arm and the second piezoelectric
resonator is connected between the series arm and
a ground level to define a series arm.

Afilter according to claim 17, wherein the filter is one
of a T-type ladder filter, an L-type ladder filter and a
Trtype ladder filter.

An electronic apparatus comprising at least one pi-
ezoelectric resonator according to claim 1.

An electronic apparatus according to claim 19,
wherein the apparatus includes at least one of a T-
type ladder filter, an L-type ladder filter and a T-type
ladder filter.

Patentanspriiche

1.

Piezoelektrischer Resonator, umfassend:

eine Schichtstruktur mit einem piezoelektri-
schen Schichtstoff, der zumindest eine erste
piezoelektrische Schicht (23A, 25A; 126A) um-
fasst, welche einen positiven Temperaturkoeffi-
zienten einer Resonanzfrequenz aufweist, und
zumindest eine zweite piezoelektrische Schicht
(232, 25Z; 126Z), welche einen negativen Tem-
peraturkoeffizienten einer Resonanzfrequenz
aufweist;
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zumindest ein Paar von Elektroden (26a, 26b;
127a, 127b), die zumindest eine der ersten und
der zweiten piezoelektrischen Schicht zwischen
sich aufnehmen; und

ein Substrat (22, 122), das die Schichtstruktur
stutzt und einen Bereich (27, 125) der Schicht-
struktur so hélt, dass der Haltebereich (27, 125)
vibriert, indem Uber das Paar von Elektroden
(26a, 26b; 127a, 127b) eine Spannung angelegt
wird,

wobei alle Schichten des piezoelektrischen Schicht-
stoffs aul3er den Elektroden (26a, 26b; 127a, 127b)
aus piezoelektrischen Materialien bestehen.

Piezoelektrischer Resonator nach Anspruch 1, wo-
bei das Paar von Elektroden (26a, 26b) die zumin-
dest eine erste piezoelektrische Schicht (23A, 25A)
und die zumindest eine zweite piezoelektrische
Schicht (232, 25Z) zwischen sich aufnimmt.

Piezoelektrischer Resonator nach Anspruch 1, wo-
bei die zumindest eine erste piezoelektrische
Schicht (23A, 25A) als primare Komponente einen
der Stoffe AIN und PbZr,Ti(;.,O3 (0,54 <x <1) um-
fasst.

Piezoelektrischer Resonator nach Anspruch 1, wo-
bei die zumindest eine zweite piezoelektrische
Schicht (23Z, 25Z) als primére Komponente ein pie-
zoelektrisches Material umfasst, das aus der Gruppe
ausgewahlt wird, die aus ZnO, LiNbO,, LiTaO5 und
PbZr,Ti(;.,O3 (0 <x <0,52) besteht.

Piezoelektrischer Resonator nach Anspruch 1, wo-
bei eine Starke der zumindest einen ersten piezo-
elektrischen Schicht (23A, 25A) und eine Stérke der
zumindest einen zweiten piezoelektrischen Schicht
(232, 25Z) dergestalt sind, dass ein Temperaturko-
effizient einer Resonanzfrequenz des piezoelektri-
schen Schichtstoffs im Wesentlichen null ist.

Piezoelektrischer Resonator nach Anspruch 1, wo-
bei das Substrat (22) eine Rahmenform mit einer
Offnung (24) aufweist und der Haltebereich (27) der
Schichtstruktur sich oberhalb der Offnung (24) be-
findet.

Piezoelektrischer Resonator nach Anspruch 1, wo-
bei die Schichtstruktur eine Luftbriickenstruktur auf-
weist, in welcher der Haltebereich (44A) der Schicht-
struktur einen Abstand zum Substrat (42) aufweist.

Piezoelektrischer Resonator nach Anspruch 1, wo-
bei der piezoelektrische Schichtstoff eine zusatzli-
che erste piezoelektrische Schicht (23A) aufweist,
die zusétzliche erste piezoelektrische Schicht (23A)
und die zumindest eine erste piezoelektrische
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Schicht (25A) im Wesentlichen dieselbe Starke auf-
weisen und die zumindest zweite piezoelektrische
Schicht (252) zwischen sich aufnehmen.

Piezoelektrischer Resonator nach Anspruch 1, wo-
bei der piezoelektrische Schichtstoff eine zusatzli-
che zweite piezoelektrische Schicht (232) aufweist,
die zusatzliche zweite piezoelektrische Schicht und
die zumindest eine zweite piezoelektrische Schicht
(25Z) im Wesentlichen dieselbe Starke aufweisen
und die zumindest erste piezoelektrische Schicht
(25A) zwischen sich aufnehmen.

Piezoelektrischer Resonator nach Anspruch 1, wo-
bei die Schichtstruktur eine Isolierschicht (123) zwi-
schen dem Substrat (122) und dem piezoelektri-
schen Schichtstoff umfasst.

Piezoelektrischer Resonator nach Anspruch 10, wo-
bei das Paar von Elektroden (127a, 127b) die zu-
mindest eine erste piezoelektrische Schicht (126A)
und die zumindest eine zweite piezoelektrische
Schicht (126Z) zwischen sich aufnehmen.

Piezoelektrischer Resonator nach Anspruch 10, wo-
bei die zumindest eine erste piezoelektrische
Schicht (126A) als primare Komponente einen der
Stoffe AIN und PbZr,Ti(,_,O3 (0,54 <x <1) umfasst.

Piezoelektrischer Resonator nach Anspruch 10, wo-
bei die zumindest eine zweite piezoelektrische
Schicht (1262) als primare Komponente ein piezo-
elektrisches Material umfasst, das aus der Gruppe
ausgewahlt wird, die aus ZnO, LiNbO3, LiTa03 und
PbZr,Ti;.,)O3 (0 <X <0,52) besteht.

Piezoelektrischer Resonator nach Anspruch 10, wo-
bei eine Starke der zumindest einen ersten piezo-
elektrischen Schicht (126A), eine Stérke der zumin-
dest einen zweiten piezoelektrischen Schicht (1262)
und eine Stérke der Isolierschicht (123) dergestalt
sind, dass ein Temperaturkoeffizient einer Reso-
nanzfrequenz des piezoelektrischen Schichtstoffs
im Wesentlichen null ist.

Piezoelektrischer Resonator nach Anspruch 10, wo-
bei das Substrat (122) eine Rahmenform mit einer
Offnung (124) aufweist und der Haltebereich (125)
der Schichtstruktur sich oberhalb der Offnung befin-
det.

Piezoelektrischer Resonator nach Anspruch 10, wo-
bei die Schichtstruktur eine Luftbriickenstruktur auf-
weist, in welcher der Haltebereich (154) der Schicht-
struktur einen Abstand zum Substrat (152) aufweist.

Filter, das einen ersten und einen zweiten piezoelek-
trischen Resonator (71) jeweils nach Anspruch 1,
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einen Ausgangsanschluss und einen Eingangsan-
schluss umfasst,

wobei der erste piezoelektrische Resonator zwi-
schen dem Eingangsanschluss und dem Ausgangs-
anschluss angeschlossen ist, um einen Langszweig
zu definieren, und der zweite piezoelektrische Re-
sonator zwischen dem Langszweig und einer Masse
angeschlossen ist, um einen Langszweig zu definie-
ren.

Filter nach Anspruch 17, wobei es sich bei dem Filter
um ein Abzweidfilter vom Typ T-Filter, vom Typ L-
Filter oder vom Typ teFilter handelt.

Elektronische Vorrichtung, die zumindest einen pie-
zoelektrischen Resonator nach Anspruch 1 umfasst.

Elektronische Vorrichtung nach Anspruch 19, wobei
die Vorrichtung zumindest ein Abzweidfilter vom Typ
T-Filter, vom Typ L-Filter oder vom Typ 1-Filter um-
fasst.

Revendications

1.

Résonateur piézoélectrique, comprenant :

une structure stratifiée avec un stratifié piézoé-
lectrique qui comprend au moins une premiere
couche piézoélectrique (23A, 25A ; 126A) ayant
un coefficient de température positif d'une fré-
guence de résonance etau moins une deuxieme
couche piézoélectrique (232, 25Z ; 126Z) ayant
un coefficient de température négatif d’'une fré-
guence de résonance ;

au moins une paire d'électrodes (26a, 26b ;
127a, 127b) intercalant au moins une de la pre-
miere et de la deuxiéme couche
piézoélectrique ; et

un substrat (22, 122) qui supporte la structure
stratifiée ettient une portion (27, 125) de la struc-
ture stratifiée de telle maniére que la portion de
maintien (27, 125) oscille lorsqu’une tension est
mise a travers la paire d’électrodes (26a, 26b ;
127a, 127b),

caractérisé en ce que toutes les couches du stra-
tifié piézoélectrique, a I'exception des électrodes
(26a, 26b ; 127a, 127b) sont fabriquées de maté-
riaux piézoélectriques.

Résonateur piézoélectrique selon la revendication
1, caractérisé en ce que la paire d'électrodes (26a,
26b) intercale ladite au moins une premiéere couche
piézoélectrique (23A, 25A) et ladite au moins une
deuxiéme couche piézoélectrique (23Z, 252).

Résonateur piézoélectrique selon la revendication
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1, caractérisé en ce que ladite au moins une pre-
miére couche piézoélectrique (23A, 25A) comprend
I'un des composants AIN et PbZr, Ti(;.,)O3 (0,54 <x
<1) comme composant primaire.

Résonateur piézoélectrique selon la revendication
1, caractérisé en ce que ladite au moins une
deuxiéme couche piézoélectrique (232, 25Z) com-
prend un matériau piézoélectrique sélectionné dans
le groupe constitué par ZnO, LiNbOg, LiTaO5 et
PbZr,Ti(;.,)O3 (0 <x <0,52) comme composant pri-
maire.

Résonateur piézoélectrique selon la revendication
1, caractérisé en ce qu’ une épaisseur de ladite au
moins une premiére couche piézoélectrique (23A,
25A) etune épaisseur de ladite au moins une deuxie-
me couche piézoélectrique (232, 25Z) sont définies
de maniere qu'un coefficient de température d'une
fréquence de résonance du stratifié piézoélectrique
est sensiblement zéro.

Résonateur piézoélectrique selon la revendication
1, caractérisé en ce que le substrat (22) présente
une forme de cadre avec une ouverture (24) et en
ce que la portion de maintien (27) de la structure
stratifiée est située au-dessus de I'ouverture (24).

Résonateur piézoélectrique selon la revendication
1, caractérisé en ce que la structure stratifiée pré-
sente une structure du type pont a air dans laquelle
la portion de maintien (44A) de la structure stratifiée
est écartée du substrat (42).

Résonateur piézoélectrique selon la revendication
1, caractérisé en ce que le stratifié piézoélectrique
comprend une premiére couche piézoélectrique
supplémentaire (23A), la premiére couche piézoé-
lectrigue supplémentaire (23A) et ladite au moins
une premiére couche piézoélectrique (25A) présen-
tent sensiblement la méme épaisseur et intercalent
ladite au moins une deuxieme couche piézoélectri-
que (252).

Résonateur piézoélectrique selon la revendication
1, caractérisé en ce que le stratifié piézoélectrique
comprend une deuxiéme couche piézoélectrique
supplémentaire (23Z), la deuxieme couche piézoé-
lectrigue supplémentaire et ladite au moins une
deuxiéeme couche piézoélectrique (25Z) présentent
sensiblementla méme épaisseur etintercalent ladite
au moins une deuxiéme couche piézoélectrique
(25A).

Résonateur piézoélectrique selon la revendication
1, caractérisé en ce que la structure stratifiée com-
prend une coucheisolante (123) située entre le subs-
trat (122) et le stratifié piézoélectrique.
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Résonateur piézoélectrique selon la revendication
10, caractérisé en ce que la paire d'électrodes
(127a, 127b) intercale ladite au moins une premiére
couche piézoélectrique (126A) et ladite au moins
une deuxiéme couche piézoélectrique (1262).

Résonateur piézoélectrique selon la revendication
10, caractérisé en ce que ladite au moins une pre-
miére couche piézoélectrique (126A) comprend I'un
des composants AIN et PbZr, Ti(;.,)O3 (0,54 <x <1)
comme composant primaire.

Résonateur piézoélectrique selon la revendication
10, caractérisé en ce que ladite au moins une
deuxiéme couche piézoélectrique (126Z) comprend
un matériau piézoélectrique sélectionné dans le
groupe constitué par ZnO, LiNbOg, LiTa0; et PbZr,-
Ti(1.503 (0 <x <0,52) comme composant primaire.

Résonateur piézoélectrique selon la revendication
10, caractérisé en ce qu’ une épaisseur de ladite
au moins une premiéere couche piézoélectrique
(126A), une épaisseur de ladite au moins une
deuxieme couche piézoélectrique (126Z) et une
épaisseur de ladite couche isolante (123) sont défi-
nies de maniére qu’un coefficient de température
d’'une fréquence de résonance du stratifié piézoé-
lectrique est sensiblement zéro.

Résonateur piézoélectrique selon la revendication
10, caractérisé ence que le substrat(122) présente
une forme de cadre avec une ouverture (124) et en
ce que la portion de maintien (125) de la structure
stratifiée est située au-dessus de l'ouverture.

Résonateur piézoélectrique selon la revendication
10, caractérisé en ce que la structure stratifiée pré-
sente une structure du type pont a air dans laquelle
la portion de maintien (154) de la structure stratifiée
est écartée du substrat (152).

Filtre comprenant un premier et un deuxieme réso-
nateur piézoélectrique (71) selon la revendication 1
chacun, une borne de sortie et une borne d’entrée,
caractérisé en ce que le premier résonateur pié-
zoélectrique est connecté entre la borne d’entrée et
la borne de sortie afin de définir une branche longi-
tudinale, et le deuxiéme résonateur piézoélectrique
est connecté entre la branche longitudinale et une
terre afin de définir une branche longitudinale.

Filtre selon la revendication 17, caractérisé en ce
que le filtre est un filtre en échelle du type T, un filtre
en échelle du type L ou un filtre en échelle du type Tt

Dispositif électronique comprenant au moins un ré-
sonateur piézoélectrique selon la revendication 1.

10
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55
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20. Dispositif électronique selon larevendication 19, ca-

ractérisé ence que le dispositif comprend au moins
un filtre en échelle du type T, un filtre en échelle du
type L ou un filtre en échelle du type 1t
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